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PROCESS FOR DRY FRACTIONATION TO OBTAIN A FINAL HARD
PALM OIL MID FRACTION

FIELD OF INVENTION
The invention relates to a process for dry fractionation to obtain a final hard palm oil

mid fraction, particularly using ultrasound assisted dry fractionation.

BACKGROUND
Fractionation of soft palm oil mid fractions into hard palm oil mid fractions is

commonly used, typically involving solvent fractionation.

One drawback of solvent fractionations that it is a very costly process, both in terms

of operational costs and in terms of construction costs.

When trying to use dry fractionation, drawbacks include problems with obtaining a

satisfactory output quality and output yield.

An example of dry fractionation of palm oil olein is described in Hashimoto, S.,
Nezy, T., Arakawa, H,, Tto, T., Maruzeni, S. “Preparation of Sharp-Melting Hard
Palm Midfraction and Its Use as Hard Butter in Chocolate”, J. Am. Oil. Chem. Soc.,
Vol. 78, No. 5, 2001, page 455-460. The PMF 1V 45 is kept in the crystallization
filter for a very long time (48-65 hours) where it is heated to further remove olein.
The yields are extremely low and the method is not feasible in production scale.
Nowhere does the article mention using ultrasound treatment to overcome the

problems with low yield.

JP2014162859 described the general effect of ultrasound on fat and describes how
ultrasound can be used to produce very small crystals. In order for dry fractionation
to work there has to be crystals of a certain size in order for separation to actually
take place. Thus, based on the teaching in this document it would not be obvious to

use ultrasound in a dry fraction process.
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The generation of very small crystal after subjecting fat to ultrasound is described in
several publications. In the article by Yubin Ye et al. ("Using High Intensity
Ultrasound as a Tool to Change the Functional Properties of Interesterified Soybean
Oil", Journal of Agricultural and Food Chemistry, 2011, 59, page 10712-10722) it is
described how high intensity ultrasound can be used to change crystallization
behavior and generate small crystals in soybean oil. Fangfang Chen et al. ("Effects of
Ultrasonic Parameters on the Crystallization Behavior of Palm Oil", AOCS 2013, 90,
page 941-949) describes the same generation of small and uniformly crystals in palm
oil after ultrasound treatment.

Thus, based on the prior art it is counter intuitive that ultrasound would work in
connection with dry fractionation where small crystals is not desired and instead

good separation is needed.

The present invention solves the above problems of low yield and poor quality by

combining dry fractionation with ultrasound.

SUMMARY

The present invention relates to a process for dry fractionation of a soft palm oil mid
fraction into a final hard palm oil mid fraction, the process comprising:

providing the soft palm oil mid fraction,

using the soft palm oil mid fraction as an input to a first dry fractionation to obtain an
intermediate olein fraction and an intermediate stearin fraction,

using the intermediate olein fraction as an input to an ultrasound assisted second dry
fractionation to obtain the final hard palm oil mid fraction and a palm oil olein fraction,
wherein the ultrasound assisted second dry fractionation comprises subjecting at least

a part of the input to ultrasonic treatment.

Advantages of the invention includes obtaining high yields of the final hard palm oil

mid fraction having a good quality while realizing a cost-effective process.

According to an embodiment of the invention, the process further comprises
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using the intermediate stearin fraction as an input to a third dry fractionation to obtain

a second hard palm oil mid fraction and a palm oil stearin fraction.

The invention further relates to a final hard palm oil mid fraction,

the final hard palm oil mid fraction comprising POP-triglycerides in an amount of at
least 62 percent by weight of the final hard palm oil mid fraction,

the final hard palm oil mid fraction comprising PPP-triglycerides in an amount of less
than 2 percent by weight of the final hard palm oil mid fraction,

the final hard palm oil mid fraction having an iodine value (IV) below 38,

wherein the final hard palm oil mid fraction has a weight ratio between

SatOSat-triglycerides and SatSatO-triglycerides, which is above 15.

The invention further relates to a second hard palm oil mid fraction,

the second hard palm oil mid fraction comprising POP-triglycerides in an amount of
at least 64 percent by weight of the second hard palm oil mid fraction,

the second hard palm oil mid fraction comprising PPP-triglycerides in an amount of
less than 3 percent by weight of the second hard palm oil mid fraction,

the second hard palm oil mid fraction having an iodine value (IV) below 35,

wherein the second hard palm oil mid fraction has a weight ratio between SatOSat-

triglycerides and SatSatO-triglycerides, which is below 10.

The invention further relates to a hard palm oil mid fraction mixture comprising

the final hard palm oil mid fraction according to the invention or any of its
embodiments or obtained by the process according to the invention or any of its
embodiments, and

the second hard palm oil mid fraction according to the invention or any of its
embodiments or obtained by the process according to the invention or any of its
embodiments,

wherein the hard palm oil mid fraction mixture has a weight ratio between the final
hard palm oil mid fraction and the second hard palm oil mid fraction is between 0.4

and 0.6, such as 0.5.
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The invention further relates to use of the final hard palm oil mid fraction according
to the invention or any of its embodiments or obtained by the process according to the
invention or any of its embodiments, the second hard palm oil mid fraction according
to the invention or any of its embodiments or obtained by the process according to the
invention or any of its embodiments, the hard palm oil mid fraction mixture according
to the invention or any of its embodiments, or any mixture thereof in the production of

an edible product or a food product.

The invention further relates to use of the final hard palm oil mid fraction according
to the invention or any of its embodiments or obtained by the process according to the
invention or any of its embodiments, the second hard palm oil mid fraction according
to the invention or any of its embodiments or obtained by the process according to the
invention or any of its embodiments, the hard palm oil mid fraction mixture according
to the invention or any of its embodiments, or any mixture thereof in the production of

confectionary products, such as chocolate.

The invention further relates to use of the final hard palm oil mid fraction according
to the invention or any of its embodiments or obtained by the process according to
the invention or any of its embodiments, the second hard palm oil mid fraction
according to the invention or any of its embodiments or obtained by the process
according to the invention or any of its embodiments, the hard palm oil mid fraction
mixture according to the invention or any of its embodiments, or any mixture thereof

in the production of cocoa butter equivalents.
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FIGURES

The invention will now be described with reference to the figures where

Figure 1 illustrates a process for dry fractionation of a soft palm oil mid fraction SPMF
for obtaining a final hard palm oil mid fraction (fHPMF-A) according to an

embodiment of the invention,

Figure 2 illustrates a process for dry fractionation of a soft palm oil mid fraction SPMF
for obtaining a final hard palm oil mid fraction (fHPMF-A) and a second hard palm

oil mid fraction (sSHPMF-B) according to an embodiment of the invention,

Figure 3 illustrates the first dry fractionation (FDF) in details according to an

embodiment of the invention,

Figure 4 illustrates the second dry fractionation (SDF) in details according to an

embodiment of the invention,

Figure 5 illustrates the third dry fractionation (TDF) in details according to an

embodiment of the invention,

Figure 6 shows measured SFC values for obtained hard palm oil mid fractions and

blends thereof, and

Figure 7 shows measured SFC values for obtained cocoa butter equivalents based on

obtained hard palm oil mid fractions.
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DETAILED DESCRIPTION

As used herein, the term “fatty acid” encompasses free fatty acids and fatty acid

residues in triglycerides.

As used herein, “%” or “percentage” all relates to weight percentage, i.e. wt.% or wt.-
% if nothing else is indicated.
As used herein, the singular forms “a”, “an” and “the” include plural referents unless

the context clearly dictates otherwise.

As used herein, “at least one” is intended to mean one or more, i.e. 1,2, 3,4, 5,6, 7,

8,9, 10, etc.

As used herein, the term “triglycerides” may be used interchangeably with the term
‘triacylglycerols’ and should be understood as an ester derived from glycerol and three
fatty acids. “Triglycerides” may be abbreviated TG or TAG. A single triglyceride
molecule, having a specific molecular formula, is of either vegetable or non-vegetable

origin.

As used herein, the term “cooling” is intended to mean a process of lowering the
temperature. This may be done in various ways, but typically includes contacting the
composition in question with a cooled surface, e.g. such that one side of the surface is
contacted with the composition to be cooled, while the opposite surface is contacted
with a coolant. It is noted that while specific cooling steps is included in some

embodiments, additional cooling may be included in other steps as well.

As used herein, the term “fraction” is intended to mean a product of a fractionation
process. The fractionation product, i.e. the fraction, may or may not be further treated
in various other ways. However, it is to be understood that if a certain fraction

undergoes a further fractionation, two new, separate fractions are obtained. In other
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words, when a fraction is subjected to a further fractionation, the original fraction
ceases to exist, whereas the two new, separate fractions have replaced it. In some cases,
the term “fraction” may be omitted, e.g. the terms “stearin” and “stearin fraction” may
be used interchangeably, also the terms “olein” and “olein fraction” may be used

interchangeably.

As used herein, the term “supersaturation” is intended to have its ordinary meaning of
a supersaturated solution, i.e. intended to mean a solution that contains more of the
dissolved material (solute) than could be dissolved by the solvent under normal
circumstances. Thus, the “supersaturation threshold” is reached when the composition

is supersaturated.

As used herein, the term “dry fractionation” is intended to mean a fractionation without
the use of an organic solvent. Organic solvents, such as e.g. acetone and hexane, is
used in solvent fractionation to disperse the crystals of the solid fraction in or to flush
the liquid part of the oil out. The dry fractionation includes at least melting the input
to transform into liquid state any solid parts, cooling and crystallizing the melted input

before the final filtering to obtain the resulting fractions.

As used herein, the term “melted” is intended to refer to a completely melted fraction,
i.e. a fraction where all triglycerides are completely melted and hence which do not
have any content of crystalline triglycerides. The melted composition may be obtained
by melting an initial composition, or by obtaining the melted composition from a

source of such melted compositions.

As used herein, the term “ultrasonic treatment” is intended to mean a process of
treating the input with ultrasound, specifically in the first and second dry fractionation
by subjecting the supersaturated soft palm oil mid fraction and intermediate olein
fraction, respectively, to ultrasound. The use of ultrasound in the first dry fractionation
is optional and included in some embodiments of the invention. In the second dry

fractionation and also in the first dry fractionation, if ultrasound treatment is applied,
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the ultrasound treatment is applied when the input has been processed into
supersaturated state. The ultrasound treatment is performed such that at least a part of
the crystallization is subsequent to the ultrasound treatment in the respective dry
fractionation. The ultrasonic treatment induces crystalline nucleation in the
supersaturated palm oil olein in a relatively effective and homogenous way.
Throughout the application the terms “ultrasound” and “ultrasonic” may be used
interchangeably. Ultrasonic treatment may be done by an ultrasound emitting
apparatus. Applicable average ultrasound frequencies include frequencies within the
range of 5 to 200 kHz, such as 10 to 100 kHz. High intensity ultrasound is applicable.
For example, usable acoustic energies include of at least 50 Joules per Liter of the
input, such as between 50 and 10.000 Joules per Liter of the input, such as between 50

and 5.000 Joules per Liter of the input

As used herein, the term “ultrasound emitting apparatus” is intended to mean an
apparatus capable of emitting ultrasound usable in the ultrasonic treatment of the
invention. The ultrasound emitting apparatus may e.g. be an ultrasonic cell, an

ultrasonic flowcell, a sonotrode, etc.

As used herein, the term “crystallization” is intended to mean maintaining a
supersaturated composition which may or may not, depending on the circumstances,
have been fully or partly subjected to ultrasonic treatment. According to embodiments
of the invention, the step of crystallization is carried out in the crystallizer, i.e. all of
the composition(s) in question is/are crystallized in crystallizer(s). Throughout the
application the terms “crystallizing” and “crystallization of” may be used

interchangeably.

As used herein the term “hard palm oil mid fraction” is intended to refer to a fraction
obtained by fractionations of palm oil, having a content of POP-triglycerides of at least
62 % by weight of the hard palm oil mid fraction, having a content of PPP-triglycerides
below 4 % by weight of the hard palm oil mid fraction, having an iodine value (IV)
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below 38, and having a weight ratio between SatOSat-triglycerides and SatSatO-

triglycerides above 5.

As used herein the term “soft palm oil mid fraction” is intended to refer to a fraction
obtained by fractionations of palm oil, having a content of POP-triglycerides between
40 and 55 % by weight of the soft palm oil mid fraction, having a content of PPP-
triglycerides below 5 % by weight of the soft palm oil mid fraction, and having an

iodine value (IV) between 50 and 38.

As used herein the term “higher melting fraction” is intended to refer to the fraction
with the highest melting point from a given fractionation process. The term “stearin

fraction” is used interchangeably therewith.

As used herein the term “lower melting fraction” is intended to refer to the fraction
with the lowest melting point from a given fractionation process. The term “olein

fraction” is used interchangeably therewith.

As used herein the term “intermediate olein fraction” is intended to refer to the lower
melting fraction of the first dry fractionation, i.e. the fraction with the lowest melting
point. Since the first dry fractionation is followed by a subsequent, second dry
fractionation, and the fractionation products of the first dry fractionation thus are not

the final products, these are referred to as intermediate fractionation products.

As used herein the term “intermediate stearin fraction” is intended to refer to the higher
melting fraction of the first dry fractionation, i.e. the fraction with the highest melting
point. Since the first dry fractionation is followed by a subsequent, second dry
fractionation, and the fractionation products of the first dry fractionation thus are not

the final products, these are referred to as intermediate fractionation products.

As used herein, the term “slurry” is intended to mean a composition comprising both

crystalline components and also liquid components thus together having a slurry like
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state. In other words, the term “slurry” is a partly melted composition where at least
some crystals are present. Thus, a “slurry” may also be understood as a partly melted

suspension, partly molten suspension or a paste.

As used herein, the term “de-topping” is intended to mean any process of removing
PPP-triglycerides. It may typically be a de-topping fractionation, which is a process of
fractionating at an elevated temperature of the palm oil mid fraction, such as around
25 to 30 degrees Celsius with the purpose of removing PPP-triglycerides. The elevated
temperature at which the fractionation de-topping is performed is due to the relatively

high melting point of PPP-triglycerides.

As used herein, the term “iodine value” is intended to mean an iodine value obtained
according to [IUPAC 2.205/4-7th edition, unless otherwise specified. The iodine value

may also be referred to as “Wijs iodine value”, “Wijs IV”, or simply “IV”.

As used herein, the term “crystallizer” is intended to mean a vessel for performing
crystallization. The crystallizer may be a dynamic crystallizer, i.e. a crystallizer with
agitation, or static crystallizer without any agitation. Crystallizers are often provided
with a cooling arrangement, e.g. in the form of a water jacket, but this is not necessary
in all embodiments. Examples of usable crystallizers include dynamic crystallizers,
such as DeSmet Ballestra L-Frac units or Tirtiux, DeSmet Ballestra Mobulizer, and

static crystallizers, such as a DeSmet Ballestra Statoliser.

As used herein, the term “cocoa butter equivalent” is intended to mean an edible fat
having very similar physical properties and being compatible with cocoa butter
without any significant effect on the behavior of the chocolate. In both cocoa butter
and cocoa butter equivalent the fatty acids are typically palmitic, stearic and oleic acids
and the triglycerides are typically 2-oleo di-saturated (SatOSat). In spite of their
similarity to cocoa butter, cocoa butter equivalents can be detected in chocolate by

their triglyceride ratios which are appreciably different from those in cocoa butter.
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Cocoa butter equivalents are e.g. made from a mix of palm mid fraction and a

fractionated part of shea stearin.

Abbreviations :

P = palmitic acid/palmitate

O = oleic acid/oleate

St = stearic acid/stearate

Li=linoleic acid/linoleate

POP-triglyceride = 1,3-dipalmitate-2-oleate glycerol
POO-triglyceride = 1-palmitate-2,3-dioleate glycerol
OOO-triglyceride = 1,2,3-trioleate glycerol

PPP-triglyceride = 1,2,3-triplamitate glycerol
SatOSat-triglyceride = 1,3-disaturated-2-oleate glycerol
SatSatO-triglyceride = 1,2-disaturated-3-oleate glycerol
SatSatSat-triglyceride = 1,2,3-trisaturated glycerol
SatUU-triglyceride = 1-saturated-2,3-diunsaturated glycerol
UUU-triglyceride = 1,2 3-triunsaturated glycerol
XYZ-triglyceride = 1-X-2-Y-3-Z glycerol of the fatty acids X, Y, and Z

IV =iodine value

The invention relates to a process for dry fractionation of a soft palm oil mid fraction
(SPMF) into a final hard palm oil mid fraction (fHPMF-A), the process comprising:
providing the soft palm oil mid fraction (SPMF),

using the soft palm oil mid fraction (SPMF) as an input (IN1) to a first dry fractionation
(FDF) to obtain an intermediate olein fraction (SPMF-0O) and an intermediate stearin
fraction (SPMF-S),

using the intermediate olein fraction (SPMF-0) as an input (IN2) to an ultrasound
assisted second dry fractionation (SDF) to obtain the final hard palm oil mid fraction
(fHPMF-A) and a palm oil olein fraction (POO),

wherein the ultrasound assisted second dry fractionation (SDF) comprises subjecting

at least a part of the input (IN2) to ultrasonic treatment (US2).
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One advantage of the invention is that a surprisingly high yield of the final hard palm
oil mid fraction (fHPMF-A) is obtained. Especially, when comparing the yield of the
final hard palm oil mid fraction (fHPMF-A) to the yield of corresponding conventional
dry fractionations, i.e. without utilization of ultrasound. In this respect, it is
emphasized that the high yield is to be considered as a high yield of hard palm oil mid
fraction from the soft palm oil mid fraction comparing to conventional processes,

where no hard palm oil mid fraction is obtained from the intermediate olein fraction.

Moreover, a further advantage of the invention is that an increased quality of the
obtained final hard palm oil mid fraction (fHPMF-A) is achieved, comparing to
conventional fractionation of the intermediate olein fraction. This surprisingly high
quality is generally characterized by an efficient separation of lower melting point
triglycerides from higher melting point triglycerides, and in the present context that
the final hard palm oil mid fraction (fHPMF-A) includes a high content of POP-

triglycerides.

Furthermore, the above described high yield is advantageously obtained while at the
same time also obtaining a high quality of the final hard palm oil mid fraction (fHPMF-
A), comparing to conventional fractionation of the intermediate olein fraction.
Conventionally, high yield and high quality is often viewed as two parameters, where
the process is adjusted to a desirable tradeoff between yield and quality. Thus, having
e.g. a high yield would typically come at the cost of a lower quality, and vice versa.
Nevertheless, the present invention surprisingly establishes a process where ultrasonic
assisted fractionation is used to obtain a high yield of a high quality final hard palm
oil mid fraction (fHPMF-A).

The above advantages are obtained with use of ultrasound assisted dry fractionation,
i.e. without the use of solvent fractionation. Solvent fractionation may often be
considerably costlier and may also produce a lower quality product from a labelling

perspective. Especially, the present invention provides for obtaining the final hard
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palm oil mid fraction (fHPMF-A) using dry fractionation, i.e. without solvent
fractionation, thereby providing for significantly lower construction costs for
fractionation plants, since solvent fractionation plants have very high construction
costs, and since existing dry fractionation plants may be retrofitted to operate in

accordance with the invention in a relatively simple and thus low-cost manner.

Even further, the process of the invention may be performed within a surprisingly short
time period, particularly reducing the time of crystallization. This can even be done

while attaining the above described high yield and high quality.

Thus, a significant increase in the fractionation capacity for a given fractionation plant
may be obtained. This may be in part due to the shortened fractionation time. However,
it may also in part due to the increased quality, whereby extra fractionation steps are

avoided.

Due to the above advantages, particularly including high yield and quality and also the
increase in fractionation quality, a notable increase in cost-effectiveness of the overall

process is obtained.

A further advantage of the invention is that conventional fractionation plants may be
retrofitted with systems for applying the ultrasound treatment, i.e. the advantages can

be obtained without the need for building new fractionation plants.

Moreover, the present inventor surprisingly found that the invention provides a process
giving a remarkable consistent output, even when varying the soft palm oil mid
fraction used as the first input. This is a significant advantage since it allows a
consistent product may be obtained simply as the output of the process of the invention
without e.g. adding further fractions or performing further processing, thereby
increasing the value of the output relative to the input, and providing advantageous
flexibility with respect to the input and thereby with respect to suppliers, different

regions etc.
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Also, it is noted that the obtained final hard palm oil mid fraction (fHPMF-A) is
advantageous in the sense that it has a surprisingly high ratio between SatOSat-
triglycerides (i.e. triglycerides with a saturated fatty acid in positions 1 and 3, and a
monounsaturated fatty acid in position 2) and SatSatO-triglycerides (i.e. triglycerides
with a saturated fatty acid in positions 1 and 2, and a monounsaturated fatty acid in
position 3), also referred to as a high symmetry ratio. Having a high symmetry ratio is
advantageous when blending with other fats having a high symmetry ratio, e.g. cocoa
butter. The symmetry ratio can be obtained from high-performance liquid
chromatography (HPLC) measurements of the weight percent content of triglycerides.
Such methods are well-known for the skilled person. The skilled person will know
how to measure positional isomers of triglycerides just like commercial analysis
laboratories can perform the analysis.

A further advantage of the invention is that the obtained final hard palm oil mid
fraction (fHPMF-A) may have an advantageous composition, specifically in that it has
a low content of asymmetric SatSatO-triglycerides and a corresponding high ratio

between SatOSat-triglycerides and SatSatO-triglycerides.

A still further advantage of the invention is that the process provides for a relatively
well-defined output, particularly well-defined in terms of the obtained hard palm oil
mid fraction. This can be seen from the small standard deviations on the composition
of the output (as demonstrated in the examples). In fact, even with different soft palm
oil mid fractions as inputs for the process of the invention the resulting quality and

composition of the output is remarkably similar.

Thus, in the present context, the input to the first and second dry fractionation is the
soft palm oil mid fraction and intermediate olein fraction, respectively. In one
embodiment of the invention, the soft palm oil mid fraction is subjected to cooling to
provide a supersaturated soft palm oil mid fraction, after initially melting the soft palm
oil mid fraction. Similarly, the intermediate olein fraction is subjected to cooling to

provide a supersaturated intermediate olein fraction, after melting the intermediate
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olein fraction. Therefore, when referring to the “input” of the first or second dry
fractionations, the soft palm oil mid fraction or intermediate olein fraction,
respectively, is meant, that said “input” have been subjected to treatments such as

melting, cooling, crystallization etc. during the dry fractionations.

The first dry fractionation may be performed in a number of different ways. In some
embodiments, it may comprise ultrasonic treatment, whereas other embodiments are

without ultrasonic treatment.

Thus, according to an embodiment of the invention, said first dry fractionation (FDF)
is an ultrasound assisted first dry fractionation, comprising subjecting at least part of

the input (IN1) to ultrasonic treatment (US2).

An advantage of this is that an even further increase in yield and output quality is made

possible.

Alternatively, the first dry fractionation (FDF) is a conventional dry fractionation in

the sense that it does not comprise any ultrasonic treatment.

In order to obtain the advantageous output in terms of yield and quality of the desired
fractions, it is beneficial to use cooling to a supersaturated stated of the input of the

second dry fractionation (SDF) before utilizing ultrasonic treatment (US2).

According to an embodiment of the invention, the ultrasound assisted second dry
fractionation (SDF) comprises cooling (CO2) the input (IN2) to obtain a
supersaturated input (IN2), prior to the ultrasonic treatment (US2).

In embodiments of the invention, the first and/or second dry fractionation comprise

further cooling of the input (IN1, IN2) even after obtaining supersaturated state.
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In a further embodiment the second dry fractionation (SDF) comprises crystallization
(CRY2) of the supersaturated input (IN2), at least a part of which having been
subjected to ultrasound treatment (US2).

In one embodiment the crystallization (CRY2) is performed in a crystallizer, and

where the ultrasonic treatment (US2) is performed external to the crystallizer.

Advantages of this includes that a more flexible setup is be achieved in the sense that

the crystallization and the ultrasonic treatment is more independent from each other.

In an embodiment of the invention the first and the second crystallizations is performed

in the same crystallizer.

In a further embodiment the crystallization (CRY?2) is performed in a crystallizer, and

where the ultrasonic treatment (US2) is performed in the crystallizer.

Advantages of this include that handling of the input (IN2) from the crystallizer to the
ultrasonic treatment and back may be avoided due to the integrated ultrasonic

treatment (US2).

According to a further embodiment of the invention, the crystallization (CRY2) is
performed in a crystallizer, and where the cooling (CO2) is performed in the

crystallizer.

According to an even further embodiment of the invention, the crystallization (CRY2)
is performed in a crystallizer, and where the cooling (CO2) is performed external to

the crystallizer.

According to a still further embodiment of the invention, the crystallization (CRY2) is
performed in a crystallizer, and where the cooling (CO2) is performed both internal in

the crystallizer and external to the crystallizer.
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It is noted that the use of “second” in the above embodiments, e.g. as the second
melting (step), the second cooling (step), the second crystallization (step), the second
filtration (step), and the second slurry, denotes the association with the second dry
fractionation. Thus, “second” is used only to distinguish it from any corresponding

“first” step, whether such step is present in the process or not.

As previously mentioned, the first dry fractionation (FDF) comprises ultrasound

treatment (US1) in some embodiments.

In a still further embodiment the first dry fractionation (FDF) comprises a
crystallization (CRY'1) of the supersaturated input (IN1), at least a part of which having

been subjected to ultrasound treatment (US1).

In an embodiment, the first dry fractionation (FDF) comprises an ultrasonic treatment
(US1), and the first dry fractionation (FDF) comprises cooling (CO1) the input (IN1)

to obtain a supersaturated input (IN1), prior to the ultrasonic treatment (US1).

In a further embodiment the crystallization (CRY 1) of the first dry fractionation (FDF)
is performed in a crystallizer, and where the ultrasonic treatment (US1) of the first dry

fractionation (FDF) is performed external to the crystallizer.

In an even further embodiment the crystallization (CRY 1) of the first dry fractionation
(FDF) is performed in a crystallizer, and where the ultrasonic treatment (US1) of the
first dry fractionation (FDF) is performed in the crystallizer.

According to a still further embodiment of the invention, the crystallization (CRY1)
of'the first dry fractionation (FDF) is performed in a crystallizer, and where the cooling

(CO1) of the first dry fractionation (FDF) is performed in the crystallizer.
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According to a still even further embodiment of the invention, the crystallization
(CRY1) of the first dry fractionation (FDF) is performed in a crystallizer, and where
the cooling (CO1) of the first dry fractionation (FDF) is performed external to the

crystallizer.

According to an even further embodiment of the invention, the crystallization (CRY 1)
of'the first dry fractionation (FDF) is performed in a crystallizer, and where the cooling
(CO1) of the first dry fractionation (FDF) is performed in the crystallizer and external
to the crystallizer.

According to an embodiment of the invention, the first dry fractionation (FDF)
comprises
melting, in a first melting step (MLT1), the soft palm oil mid fraction (SPMF)
to obtain a melted soft palm oil mid fraction (mSPMF),
cooling, in a first cooling step (CO1), the melted palm oil mid fraction (SPMF)
to obtain a supersaturated soft palm oil mid fraction (ssSPMF),
crystallization, in a first crystallization step (CRY 1), of the supersaturated soft
palm oil mid fraction (ssSPMF) to obtain a first slurry (SL1), and
filtering, in a first filtration step (FLT1), the first slurry (SL1) to obtain the
intermediate olein fraction (SPMF-O) and the intermediate stearin fraction

(SPMF-S).

It is noted that the use of “first” in the above embodiments, e.g. as the first melting
step, the first cooling step, the first crystallization step, the first filtration step, and the
first slurry, denotes the association with the first dry fractionation. Thus, “first” is used
only to distinguish it from any corresponding “second” step, whether such step is

present in the process or not.

According to a further embodiment, the first dry fractionation (FDF) further comprises
the step of
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subjecting, in an ultrasonic treatment (US1), at least a part of the supersaturated

soft palm oil mid fraction (ssSPMF) to ultrasound.

According to an embodiment of the invention, the second dry fractionation (SDF)
comprises
melting, in a second melting step (MLT2), the intermediate olein fraction
(SPMF-O) to obtain a melted intermediate olein fraction (mSPMF-O),
cooling, in a second cooling step (CO2), the melted intermediate olein fraction
(mSPMF-O) to obtain a supersaturated intermediate olein fraction (ssSPMF-0),
subjecting, in an ultrasonic treatment (US2), at least a part of the supersaturated
intermediate olein fraction (ssSPMF-O) to ultrasound,
crystallization, in a second crystallization step (CRY2), of the supersaturated
intermediate olein fraction (ssSPMF-0) having at least partly been subjected to
ultrasonic treatment (US2) to obtain a second slurry (SL2),
filtering, in a second filtration step (FLT2), the second slurry (SL2) to obtain the
final hard palm oil mid fraction (fHPMF-A) and the palm oil olein fraction
(POO).

It is noted that the use of “second” in the above embodiment, e.g. as the second melting
step, the second cooling step, the second crystallization step, the second filtration step,
and the second slurry, denotes the association with the second dry fractionation. Thus,
“second” is used only to distinguish it from any corresponding “first” step, whether

such step is present in the process or not.

According to a further embodiment of the invention, the palm oil olein fraction (POO)

is used for obtaining a further soft palm oil mid fraction (SPMF).

According to a still further embodiment of the invention, the process comprises a
further preceding dry fractionation (PDF) of the palm oil olein (POO) to obtain a soft
palm oil mid fraction (SPMF) and a super olein fraction (SOF).
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Advantageously, the further preceding dry fractioning may be an ultrasound assisted
preceding dry fractionation comprising ultrasonic treatment of at least a part of the

palm oil olein to obtain a soft palm oil mid fraction and a super olein fraction.

According to an embodiment of the invention, the first melting step and the second

melting step are performed by the same melting apparatus.

According to a further embodiment of the invention, the first cooling step and the

second cooling step are performed by the same cooling apparatus.

According to a still further embodiment of the invention, the ultrasonic treatments
(US1, US2) of the first and second dry fractionations (FDF, SDF) are performed by

the same ultrasound apparatus.

According to an even further embodiment of the invention, the first crystallization step

and the second crystallization step are performed by the same crystallization apparatus.

According to a still even further embodiment of the invention, the first filtration step

and the second filtration step are performed by the same filtering apparatus.

According to an embodiment of the invention, the first dry fractionation (FDF) and the

second dry fractionation (SDF) is performed using the same dry fractionation system.

According to a further embodiment of the invention, the step of cooling the palm oil
olein (POO) is performed in said crystallizer CRS, wherein at least part of the
supersaturated palm oil olein ssPO is fed from the crystallizer CRS to an ultrasound
emitting apparatus arranged external to said crystallizer CRS, and wherein the palm
oil olein having been subjected to ultrasonic treatment in said ultrasound emitting

apparatus is fed back into said crystallizer CRS.
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According to an embodiment of the invention, the ultrasonic treatment (US2) has a

duration of at least 5 minutes.

According to a further embodiment of the invention, the ultrasound treatment has a

duration of between 5 minutes and 180 minutes.

According to a still further embodiment of the invention, the ultrasound treatment has

a duration of between 10 minutes and 180 minutes.

According to an embodiment of the invention, the ultrasound treatment (US2) is

performed on at least 5% by weight of the intermediate olein fraction (SPMF-O).

According to an embodiment of the invention, the ultrasound treatment (US2) is
performed at an average frequency of ultrasound of between 5 and 200 kHz, such as

between 10 and 100 kHz.

According to an embodiment of the invention, the ultrasound treatment (US2) is
performed having an acoustic energy of at least 50 Joules per Liter of the input (IN2),
such as between 50 and 10.000 Joules per Liter of the input (IN2), such as between 50
and 5.000 Joules per Liter of the input (IN2).

According to an embodiment of the invention, the cooling (CO2) has a duration of at
least 2 hours after reaching a supersaturation threshold, such as between 2 and 30 hours

after reaching a supersaturation threshold.

According to an embodiment of the invention, the cooling has a duration of at least 4
hours after reaching a supersaturation threshold, such as between 4 and 30 hours after

reaching a supersaturation threshold.
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According to an embodiment of the invention, the final hard palm oil mid fraction
(fHPMF-A) is obtained in an amount of 15 to 50% by weight of the soft palm oil mid
fraction (SPMF).

According to an embodiment of the invention the final hard palm oil mid fraction
(fHPMF-A) is obtained in an amount of 20 to 40% by weight of the soft palm oil mid
fraction (SPMF).

According to an embodiment of the invention, the process further comprises
using the intermediate stearin fraction (SPMF-S) as an input (IN3) to a third dry
fractionation (TDF) obtain a second hard palm oil mid fraction (sSHPMF-B) and

a palm oil stearin fraction (POSt).

Thus, this embodiment highly advantageously provides a second hard palm oil mid
fraction (sHPMF-B), a separate and additional fraction to the final hard palm oil mid
fraction (fHPMF-A) of the invention. Thereby, a very efficient utilization of the soft
palm oil mid fraction (SPMF) for the production of hard palm oil mid fractions
(fHPMF-A, sHPMF-B) is obtained.

Moreover, the obtained second hard palm oil mid fraction (sSHPMF-B) obtained from
the third dry fractionation (TDF) has an increased content of asymmetric triglycerides,
specifically an increased ratio between asymmetric SatSatO-triglycerides and
SatOSat-triglycerides. This for example provides bloom inhibition when using the
second hard palm oil mid fraction (sSHPMF-B) in chocolate production, e.g. as a part

of a cocoa butter equivalent.

According to an embodiment of the invention, the third dry fractionation (TDF)
comprises
melting, in a third melting step (MLT3), the intermediate stearin fraction

(SPMEF-S) to obtain a melted intermediate stearin fraction (mSPMF-S),
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cooling, in a third cooling step (CO3), the melted intermediate stearin fraction
(mSPMF-S) to obtain a supersaturated intermediate stearin fraction (ssSPMF-
S),

crystallization, in a third crystallization step (CRY3), of the supersaturated
intermediate stearin fraction (ssSPMF-S) to obtain a third slurry (SL3),

filtering the third slurry (SL3) to obtain the second hard palm oil mid fraction
(sHPMF-B) and the palm oil stearin fraction (POSt).

The invention further relates to a final hard palm oil mid fraction (fHPMF-A),

the final hard palm oil mid fraction (fHPMF-A) comprising POP-triglycerides in an
amount of at least 62 percent by weight of the final hard palm oil mid fraction (fHPMF-
A),

the final hard palm oil mid fraction (fHPMF-A) comprising PPP-triglycerides in an
amount of less than 2 percent by weight of the final hard palm oil mid fraction
(fHPMF-A),

the final hard palm oil mid fraction (fHPMF-A) having an iodine value (IV) below 38,
wherein the final hard palm oil mid fraction (fHPMF-A) has a weight ratio between
SatOSat-triglycerides and SatSatO-triglycerides, which is above 15.

According to an embodiment of the invention, the final hard palm oil mid fraction
(fHPMF-A) is obtained by the process according to the invention or any of its

embodiments.

An advantage of the invention is that the obtained final hard palm oil mid fraction
(fHPMF-A) has an advantageous composition, specifically in that it has a high ratio
between SatOSat-triglycerides and SatSatO-triglycerides reflective a relatively low

content of asymmetric SatSatO-triglycerides.

The invention further relates to a second hard palm oil mid fraction (sSHPMF-B),
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the second hard palm oil mid fraction (sSHPMF-B) comprising POP-triglycerides in an
amount of at least 64 percent by weight of the second hard palm oil mid fraction
(sHPMF-B),

the second hard palm oil mid fraction (sSHPMF-B) comprising PPP-triglycerides in an
amount of less than 3 percent by weight of the second hard palm oil mid fraction
(sHPMF-B),

the second hard palm oil mid fraction (sHPMF-B) having an iodine value (IV) below
35,

wherein the second hard palm oil mid fraction (sHPMF-B) has a weight ratio between

SatOSat-triglycerides and SatSatO-triglycerides, which is below 10.

Advantageously, the second hard palm oil mid fraction (sSHPMF-B) obtained from the
third dry fractionation (TDF) has an increased content of asymmetric triglycerides,
specifically an increased ratio between asymmetric SatSatO-triglycerides and
SatOSat-triglycerides. This for example provides bloom inhibition when using the
second hard palm oil mid fraction (sHPMF-B) in chocolate production, e.g. as a part

of a cocoa butter equivalent.

According to an embodiment of the invention, the second hard palm oil mid fraction
(sHPMF-B) is obtained by the process according to the invention or any of its

embodiments.

The invention further relates to a hard palm oil mid fraction mixture comprising

the final hard palm oil mid fraction (fHPMF-A) of the invention or any of its
embodiments or obtained by the process of the invention or any of its embodiments,
and

the second hard palm oil mid fraction (sHPMF-B) of the invention or any of its
embodiments or obtained by the process of the invention or any of its embodiments,
wherein the hard palm oil mid fraction mixture has a weight ratio between the final
hard palm oil mid fraction (fHPMF-A) and the second hard palm oil mid fraction
(sHPMF-B) is between 0.4 and 0.6, such as 0.5.
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An advantage of this embodiment is that the obtained hard palm oil mid fraction
mixture may have a composition highly similar to that of a conventional hard palm oil
mid fraction, and that the hard palm oil mid fraction mixture therefore may be
produced in increased amounts due to a very effective utilization of the soft palm oil
mid fraction for obtaining both the final hard palm oil mid fraction (fHPMF-A) and
the second hard palm oil mid fraction (sHPMF-B).

The invention further relates to use of the final hard palm oil mid fraction (fHPMF-A)
of the invention or any of its embodiments or obtained by the process of the invention
or any of its embodiments, the second hard palm oil mid fraction (sHPMF-B) of the
invention or any of its embodiments or obtained by the process of the invention or any
of its embodiments, the hard palm oil mid fraction mixture of the invention or any of
its embodiments, or any mixture thereof in the production of an edible product or a

food product.

The invention further relates to use of the final hard palm oil mid fraction (fHPMEF-A)
of the invention or any of its embodiments or obtained by the process of the invention
or any of its embodiments, the second hard palm oil mid fraction (sHPMF-B) of the
invention or any of its embodiments or obtained by the process of the invention or any
of its embodiments, the hard palm oil mid fraction mixture of the invention or any of
its embodiments, or any mixture thereof in the production of confectionary products,

such as chocolate.

The invention further relates to use of the final hard palm oil mid fraction (fHPMF-A)
of the invention or any of its embodiments or obtained by the process of the invention
or any of its embodiments, the second hard palm oil mid fraction (sHPMF-B) of the
invention or any of its embodiments or obtained by the process of the invention or any
of its embodiments, the hard palm oil mid fraction mixture of the invention or any of

its embodiments, or any mixture thereof in the production of cocoa butter equivalents.
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Referring to figure 1, a process for dry fractionation of a soft palm oil mid fraction
(SPMF) into a final hard palm oil mid fraction (fHPMF-A) according to an
embodiment of the invention is disclosed. First, the soft palm oil mid fraction

(SPMF) is provided.

This soft palm oil mid fraction (SPMF) is then used as an input (IN1) to a first dry
fractionation (FDF). An intermediate olein fraction (SPMF-0) and an intermediate
stearin fraction (SPMF-S) are obtained as output from the first dry fractionation
(FDF). The first dry fractionation (FDF) according to one embodiment is illustrated

in figure 3.

Next, the intermediate olein fraction (SPMF-0) is used as an input (IN2) to an
ultrasound assisted second dry fractionation (SDF). The final hard palm oil mid
fraction (fHPMF-A) and a palm oil olein fraction (POO) is obtained as output from
the second dry fractionation (SDF).

The second dry fractionation (SDF) comprises subjecting at least a part of the input
(IN2) to ultrasonic treatment (US2).

The second dry fractionation (SDF) according to one embodiment is illustrated in

figure 4.

Different methods may be used to subject at least a part of the input (IN2) to ultrasonic
treatment (US2). Examples of an ultrasound emitting apparatus usable within the scope
of the invention include e.g. an ultrasonic cell, an ultrasonic flowcell, a sonotrode, etc.
The skilled person will know which ultrasound emitting apparatus to use in a given

embodiment of the invention.

In some embodiments, the first dry fractionation (FDF) may also comprise subjecting

at least a part of the input (IN1) to ultrasonic treatment (US1). However, in other



WO 2020/040687 PCT/SE2019/050766

10

15

20

25

27

embodiments, the first dry fractionation (FDF) is a conventional dry fractionation,

without use of any ultrasonic treatment of the input (IN1).

Referring to figure 2, a process for dry fractionation of a soft palm oil mid fraction
(SPMF) into a final hard palm oil mid fraction (fHPMF-A) according to a further

embodiment of the invention is shown.

The process of figure 2 includes, further to the steps of the embodiment of figure 1, a
third dry fractionation (TDF), where the intermediate stearin fraction (SPMF-S) is
fractionated into a palm oil stearin fraction (POSt) and a second hard palm oil mid

fraction sSHPMF.

Also, figure 2 shows the use of ultrasound treatment (US1) in the first dry
fractionation (FDF). As e.g. illustrated in figure 3, the first dry fractionation may or

may not involve ultrasound treatment (US1), depending on the specific embodiment.

Referring to figure 3, the first dry fractionation (FDF) is illustrated in more detail
according to an embodiment of the invention. In this embodiment, the first dry
fractionation comprises a first melting step (MLT1), a subsequent first cooling step
(CO1), then a first crystallization step (CRY1), and finally a first filtering step
(FLT1).

In the first melting step (MLT1), the soft palm oil mid fraction (SPMF) used as the
input (IN1) to the first dry fractionation (FDF) is melted thus ensuring that the
resulting melted soft palm oil mid fraction (mSPMF) contains no residual crystalline
triglycerides at later stages. Typically, the soft palm oil mid fraction (SPMF) is kept
at an elevated temperature for a predetermined duration to ensure complete melting

thereof.
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In the first cooling step (CO1), the melted soft palm oil mid fraction (mSPMF) is
cooled to below the supersaturation threshold, whereby a supersaturated soft palm oil
mid fraction (ssSPMF) is obtained.

Then, in the first crystallization step (CRY 1), the supersaturated soft palm oil mid
fraction (ssSPMF) is crystalized to obtain a first slurry (SL1).

With respect to crystallization, it is noted that crystals may be formed during the
crystallization step, but may also be formed during other steps, such as the cooling
step and the ultrasound treatment. The crystallization step (CRY 1) signifies that the
supersaturated soft palm oil mid fraction (ssSPMF) is actively processed to obtain
the first slurry (SL1). This processing is known as crystallization, a process that is

known for the skilled person.

Finally, in the first filtering step (FLT1), the first slurry (SL1) is filtered to obtain the

intermediate olein fraction (SPMF-0O) and the intermediate stearin fraction (SPMF-
S).

The intermediate olein fraction (SPMF-0) is then subjected to the second dry

fractionation (SDF), which is illustrates in figure 4.

Returning to figure 3, in some embodiments, at least a part of the supersaturated soft
palm oil mid fraction (ssSPMF) is subjected to a first ultrasound treatment (US1). As
the first ultrasound treatment (US1) is included in some embodiments, but not in
other embodiments, and therefore is optional, it is illustrated with dashed lines in
figure 3. Other steps may also deviate from the illustrations of figure 3, however they
overall represent a typical way of performing the first dry fractionation, which is

essential.
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In some embodiments, the intermediate stearin fraction (SPMF-S) is subjected to a
third dry fractionation (TDF) to obtain a second hard palm oil mid fraction sHPMF.
This is illustrated in figure 2.

Typically, the third dry fractionation (TDF) may be a de-topping fractionation for
removing especially PPP-triglycerides. An amount of other triglycerides, such as

POP-triglycerides may also be removed together with the PPP-triglycerides.

The third dry fractionation (TDF) is illustrated in more detail in figure 5 according to
an embodiment of the invention. In this embodiment, the intermediate stearin
fraction (SPMF-S) is used as an input (IN3) and subjected to a third melting step
(MLTS3). The obtained melted intermediate stearin fraction (mSPMF-S) is then
subjected to a cooling step (CO3), whereby a supersaturated intermediate stearin
fraction (ssSPMF-S) is obtained. This supersaturated intermediate stearin fraction
(ssSPMF-S) is crystallized in a crystallization step (CRY3) to obtain a third slurry
(SL3), which is filtered (FLT3) to obtain the second hard palm oil mid fraction
(sHPMF-B) and the palm oil stearin fraction (POSt).

It is noted that while the above described figures represent typical ways of
performing the dry fractionation, these are not limiting for the scope of the invention,

and the skilled person will appreciate that variations in methods exist.
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EXAMPLES

Example 1 — manufacturing of hard palm oil mid fractions
First, a soft palm oil mid fraction is heated to 60 degrees Celsius whereby it is

completely melted and kept at this temperature for two hours.

Then, the melted soft palm oil mid fraction is gradually cooled to a temperature of 23
+/- 2 degrees Celsius for over a period of two hours. At 23 degrees Celsius, the soft
palm oil mid fraction is subjected to ultrasound treatment. The ultrasound is applied
with a power corresponding to 1000 Joules per liter of the soft palm oil mid fraction.
After reaching the temperature of 23 degrees Celsius, the soft palm oil mid fraction is

kept at constant temperature of 23 +/-0.5 degrees Celsius for 18 hours.

After the 18 hours of isothermal crystallization at 23 +/- 0.5 degrees Celsius, the soft
palm oil mid fraction is filtered to obtain an intermediate olein fraction (SPMF-0O) and
an intermediate stearin fraction (SPMF-S). 25 bars of pressure is applied during the

filtering.

Next, the intermediate olein fraction (SPMF-0O) is heated to 60 degrees Celsius

whereby it is completely melted and kept at this temperature for two hours.

Then, the melted intermediate olein fraction (SPMF-O) is gradually cooled to a
temperature of 19.5 +/- 2 degrees Celsius for over a period of two hours. At 25 degrees
Celsius, the intermediate olein fraction (SPMF-0) is subjected to ultrasound treatment.
The ultrasound is applied with a power corresponding to 1000 Joules per liter of the
intermediate olein fraction (SPMF-0). After reaching the temperature of 19.5 degrees
Celsius, the intermediate olein fraction (SPMF-O) is kept at constant temperature of

19.5 +/- 0.5 degrees Celsius for 17 hours.

After the 17 hours of isothermal crystallization at 19.5 degrees Celsius, the
intermediate olein fraction (SPMF-0O) is filtered to obtain a final hard palm oil mid
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fraction (fHPMF-A) and a palm oil olein fraction (POO). 25 bars of pressure is applied
during the filtering.

Then, the intermediate stearin fraction (SPMF-S) is heated to 60 degrees Celsius

whereby it is completely melted and kept at this temperature for two hours.

Then, the melted intermediate stearin fraction (SPMF-S) is gradually cooled to a
temperature of 37 +/- 2 degrees Celsius for over a period of two hours. After reaching
the temperature of 37 degrees Celsius, the intermediate stearin fraction (SPMF-S) is

kept at constant temperature of 37 +/- 0.5 degrees Celsius for 12 hours.

After the 12 hours of isothermal crystallization at 37 degrees Celsius, the intermediate
stearin fraction (SPMF-S) is filtered to obtain a second hard palm oil mid fraction
(sHPMF-B) and a palm oil stearin fraction (POSt). 25 bars of pressure is applied during
the filtering.

Triglyceride content for initial soft palm oil mid fraction (SPMF) as well as the
obtained final hard palm oil mid fraction (fHPMF-A), second hard palm oil mid
fraction (sHPMF-B), palm oil olein (POO), and palm oil stearin (POSt) is shown in
table 1.
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A(SatO
Yield
POO | POP | PPP | POS | SatOSat/| Sat/
[wt | IV
%] [wt%] | [wt%] | [wt%] | [wt%] | SatSatO | SatSat
(1)
0) [%]
Av. - |43.7| 128 | 499 2.1 9.3 8.6 -
SPMF
SD.| - 1.5 1.0 0.8 1.0 04 1.1 -
sHPM |Av. | 25 |348| 448 | 6835 | 1.68 | 10.93 6.94 -19
F-B |SD.| 3 04| 040 | 0.68 | 029 | 0.38 1.13 1
fHPM |Av. | 23 |36.7| 550 | 64.47 | 0.80 | 12.77 22.90 167
F-A |SD.| 2 |00]| 014 | 049 | 0.08 | 0.05 3.10 25
Av. - 165 12 429 | 317 59 - -
POSt
SD.| - 03] 04 23 2.8 0.1 - -
Av. - 1563 243 | 302 0.1 6.1 - -
POO
SD.| - 09| 1.1 1.8 0.0 0.3 - -
Table 1. Yield, IV values, triglyceride content, and degree of symmetry for fractions

10

15

SPMF, fHPMF-A, sHPMF-B, POSt, POO. Av. = Average, S.D. = Standard Deviation.
A(SatOSat/SatSatO) [%] shows the difference in the SatOSat-triglyceride content

relative to the SatSatO-triglyceride content when comparing the obtained hard palm

oil mid fractions with the initial soft palm oil mid fraction (SPMF).

As can be seen from table 1, the final hard palm oil mid fraction (fHPMF-A) has an

even lower relative content of asymmetric SatSatO-triglycerides indicating a highly

symmetric fraction in the sense that it has a very high content of symmetric SatOSat-

triglycerides.

Also, the second hard palm oil mid fraction (sSHPMF-B) has a substantially increased

relative content of asymmetric SatSatO-triglycerides.
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Example 2 — Obtained compositions and compositions based thereon
Compositions of fat compositions no. 1-8 (Comp. no. 1-8) are shown in table 2. The
compositions are obtained by simple mixing of the ingredients. As can be seen, comp.

no. 1-2 corresponds to the final hard palm oil mid fraction (fHPMF-A) and the second

10

15

hard palm oil mid fraction (sSHPMF-B) obtained in example 1.

Shea

stearin

fHPMF-A

sHPMF-B

POSt

Comp. no.

Content

[w/w %]

1

100

100

96

N

97

(98]

47.5

47.5

(V)]

40-60

40-60

40-60

40-60

2
3
4
5
6
7
8

40-60

19-30

19-30

2-5

Table 2. Recipe for obtaining compositions (Comp.) no. 1-8, using shea stearin, Palm
oil stearin (POSt), and hard palm oil mid fractions according to the invention (Comp.
no. 1-2). For Comp. no. 6-8, the sum of the content of fHPMF-A, sHPMF-B, shea
stearin, and POSt is 100%.

Palm oil stearin (POSt) is added to comp. no. 3-5, 8 to increase the content of PPP-
triglycerides.

Compositions no. 6-8 comprise substantial amounts of hard palm oil mid fraction in

combination with shea stearin and thus represents cocoa butter equivalents (CBEs).
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Example 3 — Obtained fat blends

Fat blends 1-4 were obtained as follows.

Fat blend 1 is a 50/50 mixture of fat Comp. no. 1 and 2 from example 2 adjusted with
POSt*.

Fat blend 2 is fat Comp. no. 1 from example 2 adjusted with POSt*.

Fat blend 3 is fat Comp. no. 2 from example 2 adjusted with POSt™*.

Fat blend 4 (ref) is a standard HPMF (used as a reference).

* Fat blends no. 1-3 are adjusted with POSt to obtain the same content of SatSatSat
(see table 3)

The above fat blends are obtained by simple mixing of the ingredients.

The triglyceride composition of fat blends no. 1-3 and 4 (ref) is shown in table 3. As
can be seen, fat blend 1 has a SatOSat/SatSatO ratio (ratio between amount of SatOSat-
triglycerides and SatSatO-triglycerides) close to that of fat blend 4 (ref). Fat blend 2
has a lower SatOSat/SatSatO ratio, about half of fat blend 1, signifying a lower relative
content of symmetric SatOSat-triglycerides, i.e. a higher relative content of
asymmetric SatSatO-triglycerides. Therefore, fat blend 2 may be described as having
a higher degree of asymmetry.

Fat blend 3 has a higher SatOSat/SatSatO ratio, almost twice of fat blend 4 (ref),
signifying a higher relative content of symmetric SatOSat-triglycerides, i.e. a lower
relative content of asymmetric SatSatO-triglycerides. Therefore, fat blend 2 may be

described as having a higher degree of symmetry.
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Fat blend no.
1 2 3 4 (ref)
TAG content Content [w/w %]
SatSatSat 2.6 2.6 2.6 2.8
SatOSat+SatSatO 80.4 80.7 80.2 823
SatOSat/(SatSatO) 26.9 13.6 437 234
SatUU 7.8 7.4 8.2 58
uuu 9.1 93 9.0 9.1

10

Table 3. Triglyceride composition for fat blends no. 1-4. Fat blend 4 is a reference fat

blend. TAG = Triglyceride. Sat = saturated fatty acid, O = oleic acid, U = unsaturated

Jfarty acid.

Example 4 — SFC values measured

Solid fat content (SFC) was measured for comp. no. 1-8. SFC is measured with [UPAC

2.150 B.
Temperature [degrees Celsius]
20 25 30 35
Comp. no. SFC value [%]
1 78.9 68 32 0.5
2 81.9 68.4 334 0.5
3 80.7 68.9 40.5 0.5
4 822 68.9 38.8 1.8
5 81.5 68.1 413 2.7
6 71.3 65 48.5 38
7 69.7 59.7 44 2.7
8 71.1 64 48.8 39

Table 4. Solid fat content (SFC) values for Comp. no. 1-8 at 20, 25, 30, and 35 degrees
Celsius. POSt = Palm oil stearin. CBE = Cocoa butter equivalent.
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The resulting SFC curves of comp. no. 1-5 are shown in figure 6, whereas the resulting

SFC curves of comp. no. 6-8 are shown in figure 7.

As can be seen from figure 6, the SFC at 30 degrees Celsius can be adjusted by adding

an amount of palm oil stearin (POSt).

Thus, figure 6 shows that the final hard palm oil mid fraction (fHPMF-A) and the
second hard palm oil mid fraction (SHPMF-B) are quite alike in terms of SFC. Also, it
can be seen that adding palm oil stearin (POSt) increases the obtained SFC value at 30
degrees Celsius. Finally, also a 50/50 blend of the final hard palm oil mid fraction
(fHPMF-A) and the second hard palm oil mid fraction (sHPMF-B) (comp. no. 5,
includes POSt) behaves very similar to its individual main components (comp. no. 1

and 2).

As can be seen from figure 7, the CBE made with (fHPMF-A) (comp. no. 6) has higher
SFC values at temperatures 25 and 30 degrees Celsius compared to the CBE made
with (sHPMF-B) (comp. no. 7). A CBE base on a mixture of (fHPMF-A) and (sHPMF-
B) (comp. no. 8), to which POSt is also added, also shows higher SFC values at 25 and
30 degrees Celsius.

The results shown in figure 7 demonstrates that the obtained CBE’s (comp. no. 6-8)
are well behaved with respect to SFC, in the sense that the obtained SFC values are
within desired ranges. Also, the fact that the final hard palm oil mid fraction (fHPMF-
A) based CBE (Comp. no. 6) has higher SFC values at 25 and 30 degrees Celsius is
surprising in view of the content of POP-triglycerides and PPP-triglycerides, but may
likely be due be the result of the superior degree of symmetry for the final hard palm
oil mid fraction (fHPMF-A).



WO 2020/040687

10

15

Example 5.1 — Chocolate manufacturing with fat blend 1

PCT/SE2019/050766

Two chocolates, chocolate 1 (milk chocolate) and chocolate 2 (dark chocolate), were

made, using fat blend 1 from example 3 as a CBE. Two corresponding reference

chocolates, chocolate 1 (ref) and chocolate 2 (ref), were made using the same recipe,

except using fat blend 4 (ref) instead of fat blend 1 from example 3.

Thus, all chocolates produced have SatOSat/SatSatO ratios within the ranges of

conventional chocolates.

Choco. | Choco. | Choco. | Choco. | Choco. | Choco.
Content [w/w %] 1 1 (ref) 2 2 (ref) 3 4
Sugar 40.58 40.58 53.18 53.18 53.18 53.18
Fat blend 1 10 - 10 - - -
Fat blend 2 - - - - 10 -
Fat blend 3 - - - - - 10
Fat blend 4 (ref) - 10 - 10 - -
Whole milk powder 20 20 0 0 0 0
Cocoa powder (10- 15 15
12%) 7 7 15 15
Skim milk powder 5 5 0 0 0 0
Lecithin 0.4 0.4 0.4 0.4 04 0.4
Vanillin 0.02 0.02 0.02 0.02 0.02 0.02
Cocoa butter 17 17 21.4 214 21.4 214
Total fat content 33 33 33 33 33 33

Table 5. Compositions of chocolates 1, 1 (ref), 2, and 2 (ref). Choco. = Chocolate.

Cocoa powder with a fat content of 10-12% by weight was used.

The obtained chocolates were evaluated and no difference between references and

chocolates 1 and 2. Particularly, the following have been evaluated finding no
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differences: Viscosity, tempering, texture, crystallization speed, contraction, and shelf

life.

Example 5.2 — Chocolate manufacturing with fat blend 2 (choco. 3)
Chocolate with identical composition as in example 5.1 is made, only exchanging fat

blend 1 for fat blend 2.

This blend shows lower viscosity and substantially longer shelf-life compared to the
reference (choco 2 (ref)). Other factors: tempering, texture, crystallization speed,

contraction, are similar.

The shelf-life test has been carried out at 20°C on 100g molded tablets with 20%

hazelnuts.

Choco. 2 (ref) Choco. 3 Choco. 4
Weeks until bloom 4 7 4
Table 6. Shelf life of chocolates 2-4.

Example 5.3 — Chocolate manufacturing with fat blend 3 (choco. 4)
Chocolate with identical composition as in example 5.1 is made, only exchanging fat
blend 1 for fat blend 3.

This blend shows lower viscosity compared to the reference (choco 2 (ref)). Other

factors: tempering, texture, crystallization speed, contraction, are similar.
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FIGURE REFERENCES

SPMF. Soft palm oil mid fraction

mSPMF. Melted soft palm oil mid fraction
ssSPMF. Supersaturated soft palm oil mid fraction
fHPMF-A. Final hard palm oil mid fraction
sHPMF-B. Second hard palm oil mid fraction
SPMF-O. Intermediate olein fraction
mSPMF-0O. Melted intermediate olein fraction
ssSPMF-0. Supersaturated intermediate olein fraction
SPMF-S. Intermediate stearin fraction
mSPMF-S. Melted intermediate stearin fraction
ssSPMF-S. Supersaturated intermediate stearin fraction
POSt. Palm oil stearin

SOF. Super olein fraction

FDF. First dry fractionation

SDF. Second dry fractionation

TDF. Third dry fractionation

PDF. Preceding dry fractionation

POOQO. Palm oil olein

COL1. First cooling

CO2. Second cooling

CO3. Third cooling

CRY1. First crystallization

CRY2. Second crystallization

CRY3. Third crystallization

FLT1. First filtering

FLT2. Second filtering

FLT3. Third filtering

IN1. First input

IN2. Second input

IN3. Third input
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MLT1. First melting

MLT2. Second melting
MLT3. Third melting

SL1. First slurry

SL2. Second slurry

SL3. Third slurry

US1. First ultrasonic treatment

US2. Second ultrasonic treatment
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