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Food protein and charged emulsifier interaction

Field of the invention

The present invention relates to structures obtained from
protein and emulsifier interaction, more particularly to
structures comprising a protein supramolecular core coated
with at least a lipidic layer. The invention also
encompasses methods for obtaining these structures and

food compositions comprising them.

Background of the invention
Proteins are complex structures which, in solution, can be
easily disrupted by a number of factors (heat, pH, salt

concentration etc.)

Disruption can be controlled so as to form supramolecular
assemblies of ©protein which are biologically useful

structures.

Supramolecular assemblies have been used for example, in
the form of protein aggregates, in food applications and
are 1increasingly being used as an emulsifier and as a

partial substitute for fat.

US 6767575 Bl discloses a preparation of an aggregate whey
protein product, whereby whey protein is denatured by
acidification and heating. The protein aggregates thus

obtained are used in food application.

GB 1079604 describes improvements in the manufacture of
cheese, whereby whey proteins undergo heat treatment at an
optimum pH wvalue, in order to obtain insoluble whey

proteins which are then added to raw milk.
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2
WO 93/07761 1is concerned with the provision of a dry

microparticulated protein product which can be used as a

fat substitute.

US 5750183 discloses a process for producing proteinaceous
microparticles which are useful as fat substitute

containing no fat.

A proteinaceous fat substitute is also disclosed in WO
91/17665 whereby the proteins are in the form of a water-

dispersible microparticulated denatured whey protein.

A whey derived fat substitute product for use in foods is
disclosed in WO 92/18239. It is manufactured by encasing
particles in a liposome membrane to give a good mouth-

feel.

Apart from the food applications, proteins are also

present in many pharmaceutical and cosmetic compositions.

Problems encountered with these structures however may
include, amongst others, the fact that they are sensitive
to their environment, that their taste or texture is not
always desirable and that their solubility is limited to
certain pH values and media (generally hydrophilic

solvents) .

Therefore there still remains a need to overcome these

disadvantages.

Object of the invention
Thus, the object of the present invention is to provide
protein supramolecular structures which can be used in a

broader range of applications.

Summary of the invention
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Accordingly, the present invention proposes, in a first
aspect, a coated denatured supramolecular protein core
structure, wherein the coating comprises at least a first
lipid monolayer essentially electrostatically bound to the

protein core.

In a second aspect, the invention relates to a liposome-
like structure comprising a denatured supramolecular

protein core coated with a lipidic bilayer shell.

A supramolecular protein rod structure coated with lipids

falls under a further aspect of the invention.

The present invention further encompasses a method of
forming a coated denatured supramolecular protein core
comprising the steps of:
a. Preparing a solution of denatured supramolecular
protein structures
b. Adjusting the pH of the solution such that the
protein structures are oppositely charged to the
lipids used in step ¢ and
c. Electrostatically binding lipids to the
supramolecular structures in order to form a
lipid monolayer around a supramolecular protein

core.

In a further aspect is provided a method of solubilising a

protein supramolecular structure in a solution having a pH

equivalent to the isoelectric pH of the protein comprising
the step of:

a. Coating the protein supramolecular structure with

a coating comprising a lipidic bilayer such that

the lipidic bilayer is essentially

electrostatically bound to the protein

supramolecular structure.
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Similarly, a method of solubilising a protein

supramolecular structure in a hydrophobic medium 1is

provided, said method comprising the step of

a. Coating the protein supramolecular structure with
a coating comprising at least a first lipid
monolayer such that the 1lipid monolayer 1is
essentially electrostatically bound to the protein

supramolecular structure.

The use of a structure according to any of claims 1 to 21
in food compositions, in cosmetic compositions and their
use as a vehicle for biocactive substances also form part

of the invention.

Finally, a food composition and a cosmetic composition
comprising a structure according to any of claims 1 to 21

fall under other aspects of the invention.

Figures
The present invention is further described hereinafter
with reference to some embodiments shown in the

accompanying figures in which:

- Fig. 1 shows a positively charged
supramolecular core being
electrostatically coated with a charged
lipid,

- Fig. 2 shows a second layer coating step
which yields a liposome-like structure,

- Fig. 3 shows the steps in forming a
protein rod having a lipid monolayer,

- Fig. 4 compares Differential Interference
Contrast (DIC) images of a supramolecular

whey protein core without (top images) and
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with (bottom images) a lipidic layer of

sulfated butyl oleate at pH 4.3,

- Fig. 5 depicts the behaviour of whey
protein aggregates and negatively charged
lipids at a pH greater than the
iscelectric pH of the protein, at a pH
below the isoelectric pH of the protein
and at a pH close to the isocelectric pH of
the protein,

- Fig. 6 1s a graph of mobility wvs lipid
concentration,

- Fig. 7 is a graph of the diameter of the
structures of the invention during
formation vs the lipid concentration,

- Fig. 8 shows transmission electron
microscopy images of [B-lactoglobulin rods
and DIC and polarised light images of the
resulting complexes obtained with sulfated
butyl oleate,

- Fig. 9 shows DIC images of B-lactoglobulin
rod-sodium stearoyl lactylate complexes,
and

- Fig. 10 shows 1images of p-lactoglobulin
rod-DATEM (diacetyl tartaric acid esters

of monoglycerides) complexes.

Detailed description of the invention

The present invention relates to a supramolecular protein
core which 1s coated with lipids. By “supramolecular
protein core” is meant any type of structure comprising at
least more than one protein molecule and wherein the
protein is 1in a denatured state. Such protein may be

denatured either thermally, physically or chemically.
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Referring to fig. 1 and fig. 3, the protein core 1is

charged and coated with at least one layer of charged

lipids.

The present invention provides a method of forming a
coated denatured supramolecular protein core comprising
the steps of firstly preparing a solution of denatured
supramolecular protein structures, secondly adjusting the
pH of the solution such that the protein structures are
oppositely charged to the lipids used in the subsequent
step and finally, electrostatically binding lipids to the
supramolecular structures 1in order to form a lipid

monolayer around a supramolecular protein core.

The first step in the method consists of preparing a
solution of denatured supramolecular protein structures.
The supramolecular core therefore consists of an assembly
of denatured proteins. The core may adopt the form of a
micelle, an aggregate (fibrillar such as a rod or

spherical shape), or a gel.

Methods for generating these supramolecular structures are
well known in the art. They wusually involve heat
denaturation of a native protein under certain pH, certain
protein and salt concentration conditions in order to
induce aggregation or gelation of the protein aqueous
solution. The core may therefore be a protein micelle, a

protein aggregate, a protein rod or a protein gel.

In order to form the supramolecular protein core of the
invention, any protein selected from vegetal or animal
sources may be used. It may include soy protein, milk
protein (whey protein, R-lactoglobulin, casein, bovine

serum albumin etc.), ovalbumin, meat protein etc.



WO 2008/025784 PCT/EP2007/058964

10

15

20

25

30

35

7
Preferably however, the supramolecular core is not casein-

based.

In a second step, the pH of the solution comprising the
supramolecular protein core 1s adjusted such that the
protein structures are oppositely charged to the lipids
used to coat them. The particles of aggregated denatured
proteins may bear an overall positive charge, or an
overall negative charge. Preferably, the particles are
positively charged at a pH below the isocelectric pH of the

native protein from which they are obtained.

This pH value may be different to the pH value needed to
form the supramolecular core. Preferably, the pH will be
adjusted to less than 5, even less than 4, preferably to
pH 3, depending on the lipids used for the coating in the
subsequent step. At these pH wvalues, the supramolecular
structures are preferably positively charged, such that
they can be electrostatically bound to a negatively

charged lipid in a subsequent step.

The ionic complexation step consists then in providing the
negatively charged lipids to the solution of

supramolecular protein structures.

Thus, the resulting structures comprise a charged protein

core with at least a lipid monolayer coating.

The size of the protein core may vary from 100nm to 100um,
preferably between 100nm and 10pum and can be controlled by
the method used for the formation of the protein core. The
person of skill in the art would know which method to use
in order to obtain the desired core size. The advantage of
the wide size wvariability is that, depending on the

desired application, the size of the core may be tailored
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accordingly. The core may be spherical in shape or may be

rod-like.

According to an embodiment of the present invention, the
structure of the invention comprises a supramolecular
protein rod coated with lipids. In order to produce rod
protein supramolecular cores, protein such as R-
lactoglobulin, bovine serum albumin or ovalbumin may be

used. Preferably, B-lactoglobulin is used as the protein.

A method for obtaining such structures includes heating an
aqueous solution (pH 2) comprising the native protein in a
concentration of 25 g/L and sodium chloride (0.01M) at
80°C for 10 hours. Under these conditions, the denatured
proteins assemble so as to form a supramolecular protein
rod. The size of the rod may be monitored by the forming
conditions and may range from 2um to 7um. According to the
invention, the rod is coated with a lipid coating (as
shown in Fig. 3). Preferably, the 1lipid coating 1is

essentially electrostatically bound to the protein rod.

This process is further illustrated in Fig. 8 according to
which a solution of rods 1is adjusted to pH 3 after
formation and complexed with sulfated butyl oleate.
Polarised 1light imaging and Differential 1Interference
Contrast (DIC) imaging in Fig. 8 show the precipitation of
rod/sulfated butyl oleate (SBO) complexes at pH 3. Fig. 9
and 10 further show the precipitation at pH 4.2 of B-
lactoglobulin rods with sodium stearoyl lactylate (SSL)
and p-lactoglobulin rods with diacetyl tartaric acid

esters of monoglycerides (DATEM) respectively.

Referring to Fig. 1 and Fig. 3, the charged supramolecular

assemblies are thus coated with at least a first lipid
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monolayer essentially electrostatically bound to the

protein core.

In order to have an essentially electrostatic binding, the
lipid is selected such that it is oppositely charged to
the protein core. In a preferred embodiment, the lipids
are negatively charged. Negatively charged lipids may be
selected from sulfated butyl oleate, diacetyl tartaric
acid esters of monoglycerides, citric acid esters of
monoglycerides, sodium stearoyl-2 lactylate, lactic acid
esters of monoglycerides, calcium stearoyl lactylate,

sodium lauryl sulphate etc.

The resulting interaction between the core and lipids of
opposite charge is essentially electrostatic. Indeed, in
Fig. 6 showing a graph of mobility versus charged lipid
concentration, it can be seen that, upon increasing the
lipid concentration, the mobility is decreased. This
observation confirms that the binding between the lipid
layer and the protein core is essentially electrostatic.
Moreover, measurements of charge and size have shown that
no detectable interactions occur between lipid and protein
core at pH above isocelectric pH (tested at pH7 in the case

of whey protein micelles and sulfated butyl oleate).

According to an embodiment of the invention, the
supramolecular core may further encapsulate food-grade
substances. The food-grade substance which may Dbe
entrapped in the particulate protein assemblies may be
flavours, for example, or may be selected from any
bicactives such as, bacteria, metal ions, enzymes etc.

Preferably, the substance is hydrophilic.

Thus the structures of the invention may serve as a

vehicle for these Dbiocactives. They may therefore find
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cosmetic, pharmaceutical and/or nutritional applications,

whereby delivery of a sensitive active agent is needed.

The coating of the protein core may further comprise a
second lipid monolayer. This second layer is typically
hydrophobically bound to the first 1lipid monolayer. A
bilayer 1is thus formed which may, in a preferred
embodiment, consist of intercalated monolayers. This
bilayer forms a lipidic shell around the protein core (cf.
Fig. 2) and confers to the structure a liposome-like
function, such that these structures may be used for
transporting proteins through membranes in biological
systems, for <colloidal stability, for slow-release of

entrapped particles etc.

The lipids used for the second monolayer may be charged or

neutral. They may be the same as those used for the first

monolayer or they may be different. Neutral lipids
(including zwitterionic 1lipids) may be selected from
phospholipids.

Referring to Fig. 7 representing an embodiment where the
lipids used for the first monolayer are the same as those
used for the second monolayer, it can be seen that in
order to form the lipidic bilayer, the concentration of
lipid has to be increased. The formation of the 1lipidic
bilayer may be monitored by measuring the diameter size of
the structures obtained or it may be monitored by
monitoring the charge of the supramolecular protein core -
lipid complex. At a certain concentration of lipid, the
structures consisting of a protein core coated with one
lipid monolayer tend to attract each other thus forming
larger structures. Above a certain lipid concentration
threshold, the bilayer is formed and the size decreases.

This hydrophobically driven formation of the second layer
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of lipids results in the charged heads of the lipid being

exposed towards the aqueous phase.

Thus, according to the invention, when two lipid
monolayers are used for coating the protein core, a

liposome-like structure is obtained (as shown in Fig. 2).

If charged lipids are used for the second monolayer, the
liposome-like structure will have an overall charged
surface. Alternatively, if neutral lipids are used for the
second monolayer, the surface of the liposome-1like

structure will be neutral.

The second layer and more precisely the hydrophilic head
borne by the lipid used for the second layer provides the
essential properties of the liposome-like structure with
respect to colloidal stability in solution or feasibility
of transvection of the protein core through biological
membranes for instance. Thus, the charge, steric hindrance
of the 1lipid wused for the second 1lipid layer is an
important feature which may be tuned for dedicated

specific purposes.

With the liposome-like structure of the invention, many
improvements in the field of protein solubilisation, dairy
powder protection etc. can be achieved due to the fact
that the structures are purely self-assembled generated

food-grade structures.

For instance, as shown in Fig. 4, the charged liposome-
like structures may allow solubilisation of proteins at a
pH close to the iscelectric pH of the protein. For whey
protein, this wvalue is between 3.5 and 4.6. Indeed,
without a coating, the protein supramolecular assemblies

(e.g. micelles) tend to agglomerate due to the
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neutralisation of charges at their surface at isoelectric

PH, resulting in aggregation through dominating
hydrophobic interactions. With a coating according to the
invention, the structures will not flocculate at a pH
close to the iscelectric pH of the protein due to their
surfaces being only positively or only negatively charged,

such that the structures repel eachother (cf. Fig. 5).

Thus the invention provides a method of solubilising a
protein supramolecular structure in a solution having a pH
equivalent to the isoelectric pH of the protein comprising
the step of coating the protein supramolecular structure
with a coating comprising a lipidic bilayer which is
essentially electrostatically bound to the protein

supramolecular structure.

This can find applications in sports drinks for example,
which can have a low pH (about 4) and still have a high

protein content, without loss of stability.

An advantage of the present invention is that the lipidic
shell may be used as a protective barrier for the protein
core against humidity, oxygen, protease etc. The liposome-
like structure of the invention may also provide
protection against agglomeration of protein powders during

the drying process.

An increase 1in the amount of protein content of fat
matrices is possible with the structures of the invention
due to the solubilisation of proteins in hydrophobic media
(0il, fatty matrices etc.). Thus, the present invention
also provides a method of solubilising a ©protein
supramolecular structure in a hydrophobic medium
comprising the step of coating the protein supramolecular

structure with a coating comprising at least a first lipid
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monolayer such that the lipid monolayer 1is essentially

electrostatically bound to the protein supramolecular

structure.

According to the invention, the surface properties of
proteins may thus be changed such that a wider scope of

applications for proteins may be contemplated.

Another advantage of the invention is that oils may be
solidified using the rods of the present invention. Thus,
it represents an alternative to hydrogenation of lipids
for the manufacture of products such as margarine etc. The
resulting products have therefore not only a reduced
amount of hydrogenated fats but also contain a

considerable amount of protein.

Due to the lipidic bilayer surrounding the protein core, a
reduction of the astringency of protein supramolecular
structures (in particular micelles) may be achieved. The
invention thus allows the sensory attributes of proteins

to be improved.

As a summary, the structures of the invention may be used

in food compositions.

Food compositions which comprise the structures of the
invention may include beverage, yogurt, ice cream, sorbet,
pet food, biscuits, dried food, milk powder, oil, fat,
solidified o0il, butter, margarine, food supplement, water-

in-o0il emulsion etc.

The food compositions of the present invention may be used
in a wide range of nutritional, pharmaceutical, and/or

cosmetic applications.
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These structures may also serve as nanovehicles for

encapsulation and delivery of hydrophilic compounds.

The use of these structures in cosmetic compositions, and
cosmetic compositions comprising these structures are also
part of the invention. Typical cosmetic compositions may
be selected from creams, lotions, gels, shampoos, soaps

etc.

The present invention is further illustrated by means of

the following non-limiting examples.

Examples

Liposome-like structure formation

A whey ©protein aggregates solution was ©prepared by
subjecting a solution of native whey protein to a
temperature of 85°C for 15 minutes at pH 5.8. The
aggregates are then isolated and used in the preparation
of an agueous solution comprising a concentration in
protein of 1.511g/L and a concentration of sulfated butyl
oleate greater than 0.4 g/L. The pH of the solution 1is
adjusted to pH3 and a temperature of 25°C. Under these
conditions, immediate formation of a liposome-1like
structure comprising the whey protein aggregate core and a
lipidic bilayer (Sulfated butyl oleate) is observed, due
to the electrostatic self-assembly between the whey

protein core and the sulfated butyl oleate.

Mobility and size measurements

A mixed sample comprising a supramolecular protein

assembly (e.g. micelles) and lipids (e.g. sulfated butyl
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oleate) was subjected to in situ measurements using a

Zetasizer Nano-72S (Malvern, UK).

The mobility (the sign of which is equivalent to the
charge of the complexes) was determined by the
electrophoretic mobility module (determination of the
displacement of the particle under an imposed electric

field). The results are shown in Fig. 6.

The size of complexes were measured by the 1light
scattering module of the apparatus (fit of the
autocorrelation fonction g2 (t) with determination of the
diffusion coefficient then related to the size by the
Stokes- Einstein relation for spherical particles). The

results are shown in Fig. 7.
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16

Coated denatured supramolecular protein core
structure, wherein the coating comprises at least a
first lipid monolayer essentially electrostatically

bound to the protein core.

Coated denatured supramolecular protein core
structure according to claim 1, wherein the coating
comprises a second lipid monolayer hydrophobically

bound to the first lipid monolayer.

Coated denatured supramolecular protein core
structure according to any of claims 1 or 2, wherein
the supramolecular core 1is a protein micelle, a

protein rod, a protein aggregate or a protein gel.

Coated denatured supramolecular protein core
according to any of the preceding claims, wherein a
food-grade substance is entrapped in the

supramolecular core.

Coated denatured supramolecular protein core
structure according to claim 4, wherein the food-
grade substance 1is selected from bacteria, metal

ions, biocactives etc.

Coated denatured supramolecular protein core
structure according to any of the preceding claims,

wherein the protein core is not casein-based.

Coated denatured supramolecular protein core
structure according to any of the preceding claims,
wherein the first lipid monolayer comprises charged

lipids selected from sulfated butyl oleate, diacetyl



WO 2008/025784 PCT/EP2007/058964

10

15

20

25

30

35

10.

11.

12.

17
tartaric acid esters of monoglycerides, citric acid

esters of monoglycerides, sodium stearoyl-2
lactylate, lactic acid esters of monoglycerides,
calcium stearoyl lactylate, sodium lauryl sulphate

etc.

Coated denatured supramolecular protein core
structure according to any of claims 2 to 7, wherein
the second lipid monolayer comprises charged or

neutral lipids.

Liposome-like structure comprising a denatured
supramolecular protein core coated with a lipidic

bilayer shell.

Liposome-1like structure according to c¢claim 9,
wherein at least the lipids used for the first
monolayer of the shell are charged lipids such that
the interaction between the core and the first
monolayer is essentially electrostatic and

wherein the lipids used for the second monolayer are
selected such that they hydrophobically interact

with the first monolaver.

Liposome-like structure according to any of claims 9
or 10, wherein the lipids used for the first monolayer
are selected from sulfated butyl oleate, diacetyl
tartaric acid esters of monoglycerides, citric acid
esters of monoglycerides, sodium stearoyl-2 lactylate,
lactic acid esters of monoglycerides, calcium stearoyl

lactylate etc.

Liposome-like structure according to any of claims 9
to 11, wherein the lipids used for the first monolayer

are the same as those used for the second monoclayer.
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13.

14.

15.

le.

17.

18.

19.

20.

21.

18

Liposome-like structure according to any of claims 9
to 11, wherein the lipids used for the first monolayer

are different to those used for the second monolayer.

Liposome-like structure according to any of claims 9
to 12, wherein the supramolecular core is a protein
micelle, a protein rod, a protein aggregate or a

protein gel.

Liposome-like structure according to any of claims 9
to 14, wherein a food-grade substance is entrapped in

the supramolecular core.

Liposome-like structure according to claim 15, wherein
the food-grade substance is selected from bacteria,

metal ions, bioactives etc.

Liposome-like structure according any of claims 9 to
16, wherein the surface of the liposome is charged or

neutral.

Supramolecular ©protein rod structure coated with

lipids.

Supramolecular protein rod structure of claim 18,
wherein the coating comprises at least one 1lipid

monolayer electrostatically bound to the protein rod.

Supramolecular protein rod structure according to any
of claims 18 or 19, wherein the protein is -

lactoglobulin, bovine serum albumin or ovalbumin.

Supramolecular protein rod structure according to any

of claims 18 to 20, wherein the protein is denatured.
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22.

23.

24.

25.

19

Method of forming a coated denatured supramolecular
protein core comprising the steps of:

a. Preparing a solution of denatured supramolecular
protein structures

b. Adjusting the pH of the solution such that the
protein structures are oppositely charged to the
lipids used in step c

C. Electrostatically binding lipids to the
supramolecular structures in order to form a lipid

monolayer around a supramolecular protein core.

Method of c¢laim 22, wherein the method comprises a
further step of hydrophobically binding further lipids
to the lipid monolayer such as to form a lipid-bilayer

around the protein core.

Method of solubilising a protein supramolecular
structure in a solution having a pH equivalent to the

iscelectric pH of the protein comprising the step of:

a. Coating the protein supramolecular structure with a
coating comprising a lipidic bilayer such that the
lipidic bilayer is essentially electrostatically bound

to the protein supramolecular structure.

Method of solubilising a ©protein supramolecular
structure in a hydrophobic medium comprising the step

of:

a. Coating the protein supramolecular structure with a
coating comprising at least a first lipid monolayer
such that the lipid monolayer is essentially
electrostatically bound to the protein supramolecular

structure.
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Method of claim 25, wherein the coating comprises a
second lipid monolayer hydrophobically bound to the

first lipid monolayer.

Use of a structure according to any of claims 1 to 21

in food compositions.

Use of a structure according to any of claims 1 to 21

in cosmetic compositions.

Use of a structure according to any of claims 1 to 21

as a vehicle for bioactive substances.

Food composition comprising a structure according to

any of claims 1 to 21.

Food composition according to claim 30, wherein the
food composition is a beverage, vyogurt, ice cream,
sorbet, pet food, biscuits, dried food, milk powder,
oil, fat, solidified o0il, butter, margarine, food

supplement, water-in-oil emulsion etc.

Food composition according to any of claims 29 or 30,
wherein the food composition is used in nutritional,

pharmaceutical and/or cosmetic applications.

Cosmetic composition comprising a structure according

to any of claims 1 to 21.
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