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Description

[0001] The present invention relates to new
(foodgrade) solid lipid nanoparticles, as well as the pro-
duction of such solid lipid nanoparticles and the use of
them.
[0002] Solid lipid nanoparticles (SLNs) are for example
used as a novel approach for oral as well as for parental
lipophilic or amphiphilic active ingredients delivery. To-
day the most common way for such delivery are emul-
sions.
[0003] SLN are suitable for such a use due to several
important advantages such as

(i) incorporation of lipophilic as well as amphiphilic
active ingredients, and
(ii) no biotoxicity, and
(iii) avoidance of organic solvents, and
(iv) possibility of controlled active ingredients re-
lease, and
(v) excellent stability (mechanical and chemical),
and
(vi) usable for spray-drying, and
(vii) good optical properties (allows the production
of non-turbid formulations), and
(viii) sterilisable.

[0004] SLNs have a (more or less) spherical shape with
a diameter of 10- 1000 nm. In case non-turbid formulation
are to be produced, then the diameter of the SLNs should
be between 50 - 300 nm.
[0005] SLNs possess a solid lipid core which is stabi-
lized by emulsifiers.
[0006] SLNs are known from the prior art such as Meh-
nert et al., Adv. Drug Del. Rev.47 (2001), 165-196.
[0007] The lipid phase (lipid core) of the SLN is in a
solid state (aka crystallized). This phase may comprise
lipophilic and/or amphiphilic active ingredients (such as
antimicrobial, antioxidants, polyphenols, vitamins, poly
unsaturated fatty acids (PUFAs), dyestuffs, etc), which
are (if they are included in the solid state) protected from
degradation.
[0008] This is a very important further advantage which
allows to prolonging the shelf life of lipophilic or am-
phiphilic active ingredients in a sophisticated way.
[0009] Crystallized lipids can form usually three differ-
ent kinds of crystals:

α, β’, and β crystals.

[0010] The α-crystal chains have hexagonal arrange-
ment, with the shortest spacing line in X-ray diffraction
pattern. Furthermore, this crystal type has the least
densely packed lipid structure and it melts at tempera-
tures below that of the other crystals.
[0011] The β’-crystals are the transition form between
α- and β-crystals, and they are orthorhom-bic. They are
more ordered than α-crystals and melt at higher temper-

atures.
[0012] The β-crystals are packed in triclinic arrange-
ment and have highly ordered platelet-like structures.
They are the most stable form, and therefore they melt
at the highest temperature. Due to kinetic reasons the
crystals rearrange themselves from less ordered α-crys-
tals to highly ordered β-crystals implying a shape change
from spherical to plated shaped particles (Bunjes, Stein-
iger, & Richter, 2007). From this it follows, that the oil-
water surface area increases leading to aggregation and
gel formation of hydrophobic patches.
[0013] But in order to include a bioactive ingredient into
the lipid core of the SLN, without incurring the above men-
tioned phase separation the unstable α and/or β’- crystal
structure is preferred.
[0014] The goal of the present invention is to find a way
to provide SLN with a α and/or β’- crystal structure which
is stable and therefore does not polymorph into the β
crystal structure. The SLN must be (storage) stable for
weeks.
[0015] Surprisingly, it was found that when a specific
emulsifier was used (which is at least one saponin), then
a stable SLN wherein the solid lipid has a α and/or β’-
crystal structure is obtained.
[0016] Therefore the present invention relates to solid
lipid nanoparticles (I) comprising

(a) a core comprising

(i) a lipid phase in a solid state, and
(ii) optionally at least one lipophilic and/or am-
phiphilic active ingredient, and

(b) an emulsifier system comprising

(i) at least one emulsifier

characterised in
that the emulsifier system comprises at least one
saponin.

[0017] Furthermore it is preferred that the emulsifier
system of the SLN has a crystallization point which is
lower than the crystallization point of the core of the SLN.
That means that the emulsifier system should crystallize
before the core crystallizes.
[0018] Therefore the present invention also relates to
solid lipid nanoparticles (II), which are solid lipid nano-
particles (I), wherein the emulsifier system has a crystal-
lization point which is lower than the crystallization point
of the core.
[0019] The lipid phase can be any oil (mixture of oils),
which is solid at the storage temperature of the SLN.
Suitable oils are for example triglycerides, partial glycer-
ides, fatty acids, steroids and waxes.
[0020] Therefore the present invention also relates to
solid lipid nanoparticles (III), which are solid lipid nano-
particles (I) or (II), wherein the lipid phase is an oil (mixture
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of oils), which is solid at the storage temperature of the
SLN. Suitable oils are for example triglycerides, partial
glycerides, fatty acids, steroids and waxes.
[0021] Therefore the present invention also relates to
solid lipid nanoparticles (III’), which are solid lipid nano-
particles (I), (II) or (III), wherein the lipid phase is an oil
(mixture of oils) chosen from the group consisting of trig-
lycerides, partial glycerides, fatty acids, steroids and
waxes.
[0022] The lipophilic and/or amphiphilic active ingredi-
ent can be for example an antimicrobial, an antioxidant,
a polyphenol, a vitamin, a PUFA or a dyestuff, as well as
mixtures of such ingredients.
[0023] Therefore the present invention also relates to
solid lipid nanoparticles (IV), which are solid lipid nano-
particles (I), (II), (III) or (III’), wherein the lipophilic and/or
amphiphilic active ingredient is chosen from the group
consisting of antimicrobial, an antioxidant, a polyphenol,
a vitamin, a PUFA or a dyestuff, as well as mixtures of
such ingredients.
[0024] Saponins are amphipathic glycosides grouped,
in terms of phenomenology, by the soap-like foaming
they produce when shaken in aqueous solutions, and, in
terms of structure, by their composition of one or more
hydrophilic glycoside moieties combined with a lipophilic
triterpene derivative.
[0025] Saponins have historically been understood to
be plant-derived, but they have also been isolated from
marine organisms. Saponins are indeed found in many
plants, and derive their name from the soapwort plant
(genus Saponaria, family Caryophyllaceae), the root of
which was used historically as a soap.
[0026] Saponins are also found in the botanical family
Sapindaceae, with its defining genus Sapindus (soap-
berry or soapnut), and in the closely related families Ac-
eraceae (maples) and Hippocastanaceae (horse chest-
nuts; ref. needed).
[0027] It is also found heavily in Gynostemma penta-
phyllum (Gynostemma, Cucurbitaceae) in a form called
gypenosides, and ginseng or red ginseng (Panax, Ar-
aliaceae) in a form called ginsenosides. Within these
families, this class of chemical compounds is found in
various parts of the plant: leaves, stems, roots, bulbs,
blossom and fruit.
[0028] Commercial formulations of plant-derived sa-
ponins, e.g., from the soap bark (or soapbark) tree, Quil-
laja saponaria.
[0029] Saponins are commercially available for exam-
ple from Desert King International and National Starch.
[0030] A preferred saponin compound in the context
of the present invention is quillaja saponaria (E999). The
E numbers (i.e. E999) are codes for chemicals which can
be used as food additives for use within the European
Union and Switzerland (the "E" stands for "Europe").
[0031] Therefore the present invention also relates to
solid lipid nanoparticles (V), which are solid lipid nano-
particles (I), (II), (III), (III’) or (IV), wherein the saponin is
quillaja saponaria.

[0032] The emulsifier system of the embodiment of the
present invention can also comprise other emulsifier(s)
(=co-emulsifiers). In case such one or more co-emulsif-
ers are used, the emulsifier system should still crystallise
before the core crystallises.
[0033] Suitable co-emulsifiers are i.e. polysorbates
(polysorbates are oily liquids derived from PEG-ylated
sorbitan (a derivative of sorbitol) esterified with fatty ac-
ids), such as Polysorbate 40 (polyoxyethylene (20) sorb-
itan monopalmitate), Polysorbate 60 (polyoxyethylene
(20) sorbitan monostearate) and Polysorbate 80 (poly-
oxyethylene (20) sorbitan monooleate); Phospholipids,
such as phosphatidic acid (phosphatidate), phosphati-
dylethanolamine (cephalin). phosphatidylcholine (leci-
thin), hydrogenated lecithin, phosphatidylserine, phos-
phatidylinositol phosphate, phosphatidylinositol bisphos-
phate, phosphatidylinositol triphosphate, ceramide
phosphorylcholine (Sphingomyelin), ceramide phospho-
rylethanolamine (Sphingomyelin) and ceramide phos-
phorylglycerol;
stearoyl-2-lactylate such as sodium-stearoyl-2-lactylate
(E 481); and
citric acid ester of mono- and di-glycerides, preferably
Citric acid esters of mono and diglycerides of fatty acids
(E472c).
[0034] Therefore the present invention also relates to
solid lipid nanoparticles (VI), which are solid lipid nano-
particles (I), (II), (III), (III’), (IV) or (V), wherein the emul-
sifier system comprises at least one co-emulsifier.
[0035] Therefore the present invention also relates to
solid lipid nanoparticles (VI’), which are solid lipid nano-
particles (I), (II), (III), (III’), (IV), (V) or (VI), wherein the
emulsifier system comprises at least one co-emulsifier
chosen from the group consisting of polysorbates, phos-
pholipids, stearoyl-2-lactylate and citric acid ester of mo-
no- and di-glycerides.
[0036] Therefore the present invention also relates to
solid lipid nanoparticles (VI"), which are solid lipid nano-
particles (I), (II), (III), (III’), (IV), (V), (VI) or (VI’), wherein
the emulsifier system comprises at least one co-emulsi-
fier chosen from the group consisting of Polysorbate 40
(polyoxyethylene (20) sorbitan monopalmitate), Polys-
orbate 60 (polyoxyethylene (20) sorbitan monostearate),
Polysorbate 80 (polyoxyethylene (20) sorbitan mo-
nooleate), phosphatidic acid (phosphatidate), phosphati-
dylethanolamine (cephalin). phosphatidylcholine (leci-
thin), hydrogenated lecithin, phosphatidylserine, phos-
phatidylinositol phosphate, phosphatidylinositol bisphos-
phate, phosphatidylinositol triphosphate, ceramide
phosphorylcholine (Sphingomyelin), ceramide phospho-
rylethanolamine (Sphingomyelin), ceramide phospho-
rylglycerol, stearoyl-2-lactylate and citric acid ester of
mono- and di-glycerides.
[0037] Therefore the present invention also relates to
solid lipid nanoparticles (VI"’), which are solid lipid nan-
oparticles (I), (II), (III), (III’), (IV), (V), (VI) or (VI’), wherein
the emulsifier system comprises at least one co-emulsi-
fier chosen from the group consisting of lecithin, hydro-
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genated lecithin, sodium-stearoyl-2-lactylate (E 481) and
citric acid esters of mono and di-glycerides of fatty acids
(E472c).
[0038] The concentration of the at least one saponin
is 0.1 - 30 weight-% (wt-%), based on the total weight of
the SLN, preferably 0.5 - 20 wt-%.
[0039] Therefore the present invention also relates to
solid lipid nanoparticles (VII), which are solid lipid nano-
particles (I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI") or
(VI"’), wherein the concentration of the at least one sa-
ponin is 0.1 - 30 weight-% (wt-%), based on the total
weight of the SLN.
[0040] Therefore the present invention also relates to
solid lipid nanoparticles (VII’), which are solid lipid nan-
oparticles (I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI") or
(VI"’), wherein the concentration of the at least one sa-
ponin is 0.5 - 20 wt-%.
[0041] The concentration of the at least co-emulsifier
is 0.1 - 30 wt-%, based on the total weight of the SLN,
preferably 0.5 - 20 wt-%.
[0042] Therefore the present invention also relates to
solid lipid nanoparticles (VIII), which are solid lipid nan-
oparticles (I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI"); (VI"’),
(VII) or (VII’), wherein the concentration of the at least
co-emulsifier is 0.1 - 30 wt-%, based on the total weight
of the SLN.
[0043] Therefore the present invention also relates to
solid lipid nanoparticles (VIII’), which are solid lipid nan-
oparticles (I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI"); (VI"’),
(VII) or (VII’), wherein the concentration of the at least
co-emulsifier is 0.5 - 20 wt-%.
[0044] The concentration of the lipophilic and/or am-
phiphilic active ingredient can be up to 60wt-%, based
on the total amount of the SLN.
[0045] Therefore the present invention also relates to
solid lipid nanoparticles (IX), which are solid lipid nano-
particles (I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI"); (VI"’),
(VII), (VII’), (VIII) or (VIII’), wherein the concentration of
the lipophilic and/or amphiphilic active ingredient is up to
60wt-%, based on the total amount of the SLN.
[0046] The SLN can be prepared according to methods
known from the prior art. For example preparation meth-
ods at elevated temperatures (above the melting tem-
perature of the lipid) such as hot homogenization and hot
microemulsification, and there are methods at room tem-
perature or below (i.e. below the melt temperature of the
lipids), such as milling techniques (Kakran, et al., 2012;
R. H. Müller, Gohla, & Keck, 2011; Rainer H. Müller, et
al., 2000).
[0047] Preferably SLNs according to the present in-
vention are produced by using hot homogenisation.
[0048] Therefore the present invention also relates to
a process of production of solid lipid nanoparticles (IX),
which are solid lipid nanoparticles (I), (II), (III), (III’), (IV),
(V), (VI), (VI’), (VI"); (VI"’), (VII), (VII’), (VIII), (VIII’) or (IX),
characterised in that the process is a hot homogenisa-
tion process.
[0049] The SLNs according to the present invention

can be used in various fields of application.
[0050] The field of application usually depends on the
lipophilic and/or amphiphilic active ingredient, which are
incorporated.
[0051] The SLNs can be used as such or they can be
used for the production of food products, feed products
or personal care products.
[0052] Therefore, a further embodiment of the present
invention relates to the use of the solid lipid nanoparticles
(I), (II), (III), (III’), (IV), (V), (VI), (VI’), (VI"); (VI"’), (VII),
(VII’), (VIII), (VIII’) or (IX) in the production of food prod-
ucts, feed products or personal care products.
[0053] The amount of SLN (and the lipophilic and/or
amphiphilic active ingredients) in such products depends
on the kind of product and the lipophilic and/or am-
phiphilic active ingredients.
[0054] Furthermore the present invention also relates
to of food products, feed products and personal care
products comprising solid lipid nanoparticles (I), (II), (III),
(III’), (IV), (V), (VI), (VI’), (VI"); (VI"’), (VII), (VII’), (VIII),
(VIII’) or (IX).
[0055] The invention is illustrated by the following Ex-
amples. All temperatures are given in °C and all parts
and percentages are related to the weight.

Example 1: (0.6 wt-% of Quillaja extract solution)

[0056] A 50g sample weight, of this example consists
of 90 wt-% surfactant (Quillaja extract, 0.6 wt-%)/sodium
phosphate buffer solution (10 mM, pH =7) and 10 wt-%
glyceryl tripalmitate. The glyceryl tripalmitate was heated
to 85°C to fully melt the lipid. After heating separately the
surfactant buffer solution at the same temperature
(85°C), the lipid melt and the surfactant aqueous phase
were mixed together and stirred for one minute by using
a homogenizer standard unit (Labworld-online, Staufen,
Germany). The content of Quillaja extract was 0.54 w-
%, based on the total weight of the sample. The so-
formed hot premix was directly homogenized by passing
the emulsion 5 times at 10.000psi (≈700 bar) through a
high pressure homogenizer (EmulsiFlex-C3, Avestin
Inc., Ottawa, Canada). Prior to homogenization the high-
pressure homogenizer was heated up by cycling 5 times
boiling water through the machine, to prevent emulsion
crystallization. During homogenization the already ho-
mogenized sample was collected in a flask, which was
located in a water-bath. The fine emulsion was then di-
vided in two parts, which were stored in an ice bath for
one hour to induce fat crystallization.Afterwards, the two
dispersion portions were stored at 7, or 25°C, respec-
tively.

Example 2: (3.6 wt-% of Quillaja extract solution)

[0057] Example 2 done in analogy to Example 1 with
the exception that the content of Quillaja extract was in-
creased to 3.24 wt-%, based on the total weight of the
sample.
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Example 3: (2.4 wt-% Phosphatidylcholine with 0.6 wt-
% Quillaja extract)

[0058] Example 3 done in analogy to Example 1 with
the exception that the surfactant solution contains a mix-
ture of Phosphatidylcholine and Quillaja extracts in a 4:1
ratio, respectively. The content of the total amount of sur-
factant being 2.7 wt-% (being the one of Quillaja 0.54 wt-
% and of Phosphatidylcholine 2.16 wt-%) based on the
total weight of the sample.

Storage stabilities of Examples 1 - 3 :

[0059] The physical stability of all samples described
in examples 1-3 was measured over a period of 3 weeks
(at 7°C).
[0060] After 3 weeks of storage, all the samples were
still homogenous and fluid. No gelation, aggregation, or
sedimentation was observed.

Example 4: (0.005 wt-% β-carotene)

[0061] A 3.3 % surfactant-cosurfactant aqueous solu-
tion was prepared mixing 1.5 g of 80H Phospholipon lec-
ithin and 1.5 g of Quillaja extract in 87 g of 10 mM sodium
phosphate buffer solution (pH = 7). The so-produced sur-
factant solution was heated to 85°C for 30 minutes in a
shaking water bath. Separately, 10 g of glycerol tristea-
rate were heated to 85 °C to fully melt the lipid and 0.005
g of β-carotene active were added to the lipid melt that
was sealed and stirred (200 rpm) in the dark at 80 °C for
30-60 minutes to allow the active dissolution. The hot
lipid phase was mixed with the aqueous surfactant solu-
tion held at 80 °C and stirred by a homogenizer standard
unit for 2 minutes at 24000 min-1 to produce a coarse
emulsion. The content of both Quillaja extract and lecithin
was 1.5 wt-%, based on the total weight of the sample.
The hot premix was then homogenized using a Microflu-
idizer (H-chamber, 500 bar, 4 cycles) to create the final
emulsion. The microfluidizer and chamber were heated
with hot water prior to homogenization to prevent crys-
tallization of the emulsion. The collected fine emulsion
was stored in an ice bath for one hour to induce fat crys-
tallization. Afterwards, the dispersion was stored in the
dark at room temperature. The content of the encapsu-
lated β-carotene in the SLN was 0.005 wt-%, based on
the total weight of the sample.

Example 5: (0.005 wt-% vitamin A acetate)

[0062] The same conditions as in Example 4 were
used, only a different active was employed. Vitamin A
acetate, was processed in the same way of β-carotene

Storage stabilities of Example 4 and 5

[0063] The physical stability of the samples described
in example 4 and 5 was measured over a period of 3

weeks (at 7°C and 25°C).
[0064] After 3 weeks of storage, all the samples were
still homogenous and fluid. No gelation, aggregation, or
sedimentation was observed.

Claims

1. Solid lipid nanoparticles comprising

(a) a core comprising

(i) a lipid phase in a solid state, and
(ii) optionally at least one lipophilic and/or
amphiphilic active ingredient, and

(b) an emulsifier system comprising

(i) at least one emulsifier
characterised in
that the emulsifier system comprises at
least one saponin compound.

2. Solid lipid nanoparticles according to claim 1, where-
in the emulsifier system has a crystallization point
which is lower than the crystallization point of the
core.

3. Solid lipid nanoparticles according to any one of the
preceding claims wherein the lipid phase is at least
one oil chosen from the groups consisting of triglyc-
erides, partial glycerides, fatty acids, steroids and
waxes.

4. Solid lipid nanoparticles according to any one of the
preceding claims wherein the lipophilic and/or am-
phiphilic active ingredient is chosen from the group
consisting of antimicrobials, antioxidants, polyphe-
nols, vitamins, PUFAs and dyestuffs.

5. Solid lipid nanoparticles according to any one of the
preceding claims wherein the saponin is quillaja sa-
ponaria.

6. Solid lipid nanoparticles according to any one of the
preceding claims wherein the emulsifier system
comprises at least one co-emulsifier.

7. Solid lipid nanoparticles according to claim 6 wherein
the co-emulsifier is chosen from the group consisting
of polysorbates, phospholipids, stearoyl-2-lactylat
and citric ester of mono and di-glyderides.

8. Solid lipid nanoparticles according to any one of the
preceding claims wherein the concentration of the
at least one saponin is 0.1 - 30 wt-% based on the
total weight of the SLN, preferably 0.5 - 20 wt-%.

7 8 



EP 2 777 402 A1

6

5

10

15

20

25

30

35

40

45

50

55

9. Solid lipid nanoparticles according to any one of the
preceding claims wherein the concentration of the
at least co-emulsifier is 0.1 - 30 wt-% based on the
total weight of the SLN, preferably 0.5 - 20 wt-%.

10. Solid lipid nanoparticles according to any one of the
preceding claims wherein the concentration of the
lipophilic and/or amphiphilic active ingredient can be
up to 60wt-%, based on the total amount of the SLN.

11. Use of solid lipid nanoparticles as claimed in any of
the preceding claims in the production of food prod-
ucts, feed products or personal care products.

12. Food products, feed products and personal care
products comprising solid lipid nanoparticles as
claimed in any of claims 1-10.
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